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Foreword 


The Investigating School Mathe- 
matics series co-ordinates the precise 
concepts of modern mathematics 
with an approach that stimulates the 
child to actively participate in his 
own learning experiences. The series 
provides for the necessary mastery of 
basic number skills, and presents the 
material in a way that emphasizes the 
exciting, creative nature of mathe- 
matics. As the child becomes in- 
volved in exciting explorations and 
investigations, the structure and 
beauty of mathematics unfolds. The 
children are encouraged to investi- 
gate and discover ideas for them- 
selves, to look for interesting patterns 
and relationships, and to develop 
their own generalizations. New and 
fascinating topics are explored not 
solely for their mathematical value, 
but also because they stimulate 
interest and motivate children to 
put forth their best efforts. 

In our view, the development of a 
sound mathematical structure need 
not be hindered by an exciting, 
activity-oriented approach. Rather, 
the activity approach can and should 
reinforce the child’s experiences as 
he investigates mathematical topics 
in an orderly, structured fashion. The 
same, sound mathematical structure 
that was called “modern” in the 
1960’s is present in Jnvestigating 
School Mathematics. The important 
difference in this new series lies in its 
approach. The child learns through 
continual active participation in ac- 
tivities and investigations that lead 
to the discovery of each new idea. 

As each new concept unfolds, 
the child is given an opportunity 


to investigate the ideas by using 
a wide variety of manipulative ma- 
terials and activities. Then, through 
guided discussion, he is led to a 
deeper understanding of the ideas 
and their relation to the overall 
structure of mathematics. Following 
the investigation and discussion, he is 
provided with sufficient problem- 
solving practice to develop speed 
and accuracy. 

The Investigating School Mathe- 
matics series iS unprecedented in 
its careful provision for individual 
differences. Throughout each text, 
the child is challenged to do what 
he can do, not what someone else 
thinks he can do. Each child has 
the opportunity to experience in- 
dividual success in an environment 
that stresses co-operation and com- 
munication rather than competition. 
This careful provision for individual 
differences makes the IJnvestigating 
School Mathematics series unusually 
adaptable to such diverse teaching 
situations as ungraded schools, indi- 
vidual or small-group instruction, or 
whole-class instruction. 

The essence of the Jnvestigating 
School Mathematics series is re- 
flected in the beliefs to which we 
are committed: that there are funda- 
mental mathematical concepts which 
can be isolated and set forth with 
sharpness and clarity; that these 
concepts, when truly understood, 
provide powerful tools for extending 
knowledge; that children of every 
level should be encouraged to 
actively participate, to think, to 
question, and to seek understanding; 
that, although a certain body of 


knowledge must be passed on to 
each generation from _ preceding 
generations, the individual creativity 
of each new generation must not be 
stifled by pedagogy which forces 
upon its pupils patterns of thought | 
which have served us well in the past 
but which may be inadequate for 
the future. 

Mathematics can be successfully 
taught in this spirit. At every stage 
in the learning of mathematics the 
discovery of new relationships can 
be a delight. It is in this spirit that 
Investigating School Mathematics has 
been written. 

The authors wish to express their 
appreciation to Ball State University 
and to the Educational Research 
Council of Greater Cleveland, where 
many of the ideas were generated and 
tested for the Elementary School 
Mathematics series, which served as 
a forerunner of Jnvestigating School 
Mathematics ; to Edith Biggs and the 
Nuffield Project in England, for their 
leadership in bringing the activity- 
oriented laboratory approach into 
prominence; to Mrs. Nancy Hilde- 
brand, whose contributions to the 
teachers’ manuals for Elementary 
School Mathematics are still re- 
flected in this manual; to Theresa 
Burke, who assisted in the prepa- 
ration of this manual by bringing, 
from a wealth of classroom ex- 
perience, many of the activities and 
teaching suggestions found in each 
lesson; and finally, to the many 
teachers and children who have 
proved that studying mathematics 
can be an exciting and stimulating 
experience in the elementary school. 
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The Book 4 Program 


Mathematics 
of the 
Book 4 Program 


To gain a better appreciation of the 
philosophy and teaching strategy 
that underlies the mathematics for 
Book 4 of the Investigating School 
Mathematics series, you should take 
the time to study Jnvestigating 
Mathematics Learning: A Text for 
Teachers, which is found at the back 
of this Teachers’ Edition. 

All of the important mathematical 
concepts contained in Book 3 of this 
program are reviewed, reinforced, 
and extended in Book 4. In writing 
Book 4, we have assumed that the 
children know all of the addition and 
subtraction facts through 18 and that 
they have been exposed to some of 
the multiplication facts. 

After the introductory chapter on 
measurement, the children review 
place value and numeration in 
Chapter 2. Chapter 3 reviews and 
extends addition and_ subtraction 
with regrouping. Chapter 5 deals 
with the concepts of multiplication 
and division. Skills in multiplication 
and division are the main concern in 
Chapters 6, 7, 8, and 10. Con- 
siderable attention is given to the 
‘multiplication and division algo- 
rithms in these chapters. Complete 
mastery of the long-division al- 
gorithm is not expected in the Book 4 
program inasmuch as this topic will 
be reviewed and extended in Book 5. 

Chapter 11, Number Theory, 
provides background for certain 
fractional number concepts such as 
multiples, factors, greatest common 
factor, and least common multiple. 
Fractions and fractional numbers are 
the topics of Chapters 12 and 14. 
Little in the way of computational 
mastery with fractional numbers is 
expected in the Book 4 program. 
However, the groundwork laid in 
fractional number concepts in this 
book will be invaluable in Books 5 
and 6, where computation with 
fractional numbers will be studied 
in detail. 
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There are four chapters covering 
basic geometry concepts. Chapter | is 
devoted to linear measure, area, and 
volume. Chapter 4 reviews points, 
lines, segments, and angles, as well as 
simple polygons and space figures 
such as the cube and tetrahedron. 
Additional space figures and the 
concepts of congruence and sym- 
metry are introduced in Chapter 9. 
Chapter 13, the final geometry 
chapter, deals with co-ordinate geom- 
etry. This chapter reviews the idea of 
locating a point in the plane by 
means of a number pair and uses 
co-ordinate geometry to illuminate 
such concepts as symmetry, simi- 
larity, and translations. A_ brief 
introduction to negative integers by 
means of co-ordinate geometry is 
also included. 

A wide variety of story problems, 
challenge problems (labelled Think), 
and problems involving logical rea- 
soning are integrated throughout the 
text to help the children improve 
their skills in reasoning, analysis, 
and problem solving. 


General Bibliography 
To gain a broader understanding 
of the overall mathematical develop- 
ment in the Jnvestigating School 
Mathematics series, the list of books 
that follows should prove helpful. 
Forbes, Jack, and Robert Eicholz, 
Mathematics for Elementary 
Teachers (Menlo Park, Cal.: Addi- 
son-Wesley, 1971). 
Biggs, Edith, and James MacLean, 


Freedom to Learn: An _ Active 
Learning Approach to Mathematics 
(Don Mills, Ont: Addison- 


Wesley, 1969). 

Nuffield Mathematics Project, J Do, 
and I Understand (New York: John 
Wiley & Sons, Inc., 1967). 

Dienes, Z. P., Building Up Mathe- 
matics (London: Hutchinson Edu- 
cational Ltd., 1960). Available 
from Humanities Press, New York. 


Copeland, Richard, How Children 
Learn Mathematics: Teaching Im- 
plications of Piaget's Research 
(New York: The Macmillan Co., 
1970). 

The Schools Council, Mathematics 
in Primary Schools (Curriculum 
Bulletin No. 1, 1964). Available 
from Selective Educational Equip- 
ment, Newton, Mass. 

Boyer, Carl B., A History of Mathe- 
matics (New York: John Wiley & 
Sons, Inc., 1968). 

Elliott, H. A., James MacLean, and 
Janet Jorden, Geometry in the 
Classroom: New Concepts and 
Methods (Toronto, Ontario: Holt, 
Rinehart and Winston of Canada, 
Ltd., 1968). 

National Council of Teachers of 
Mathematics, Insights into Modern 
Mathematics (23rd Yearbook, 
1957); The Growth of Mathe- 
matical Ideas, Grades K-12 (24th 
Yearbook, 1959); Enrichment 
Mathematics for the Grades (27th 
Yearbook, 1963); Topics in Mathe- 
matics for Elementary School 
Teachers (29th Yearbook, 1964); . 
More Topics in Mathematics for 
Elementary School Teachers (30th 
Yearbook, 1969), (Washington, 
D.C.: NCTM). 

Newman, J. R., The World of Mathe- 
matics (New York: Simon and 
Schuster, 1956). 

School Mathematics Study Group, 
Studies in Mathematics, Volume 
IX, A Brief Course in Mathematics 
for Elementary School Teachers, 
Revised Edition (Stanford Uni- 
versity, 1963). 

Members of the Association of 
Teachers of Mathematics, Notes 
on Mathematics in Primary Schools 
(New York: Cambridge University 
Press, 1967). 

Williams, E. M., and Hilary Shuard, 
Elementary Mathematics Today, 
Grades 1-8 (Menlo Park, Cal.: 
Addison-Wesley, 1972). 








Teaching 
the Book 4 Program 


Design Features 
of Book 4 

Each lesson is titled with either 
a question or a provocative phrase 
inviting the child to explore a given 
idea. The core lessons of Book 4 
are designed in one of two ways: 
those lessons which include an in- 
vestigation activity begin on the 
left-hand page with the investigation, 
followed by a set of discussion 
exercises and then by a set of exer- 
cises on the right-hand page for the 
children to work independently. The 


titles of these sections are Jn- 
vestigating the Ideas, Discussing 
the Ideas, and Using the Ideas, 


respectively; other lessons are de- 
signed around a set of discussion 
exercises, titled Discussing the Ideas, 
and a set of independent exercises, 
titled Using the Ideas. 

Many lessons throughout the 
book contain starred exercises for 
enrichment and a Think problem 
for the more able or interested 
children. Each chapter contains 
a chapter review (Reviewing the 
Chapter) and every chapter, except 
the first, contains at least one cumu- 
lative review (Keeping in Touch). 

Though each lesson in Book 4 
is presented on facing pages, this 
format may be treated with con- 
siderable flexibility. You may find 
that for some lessons you will want 
to spend your entire allotment of 
time for mathematics on the In- 
vestigation and Discussion, saving 
the exercises for another day. In 
other lessons, however, you may 
find that you can cover as many 
as two facing-page lessons in one 
day. Keep in mind, though, that, 
in general, the core lessons are 
designed to be used for a single 
mathematics lesson in one day. 

Color is used functionally through- 
out the text whenever it is felt that 
color-coding of numerals and sym- 
bols will facilitate learning and 
understanding of key-concepts. 


Teaching Strategies for Book 4 

While specific teaching strategies 
will be made clear through your 
teachers’ edition notes, there is a 
broad general plan for the teaching 
Strategy throughout the book. The 
organization of the teachers’ manual, 
as well as the material in the child’s 
book, continually suggests this strat- 
egy. It is intended that each day’s 
lesson in which the child is presented 
with a new concept be divided into 
four parts: Preparation, Investi- 
gation, Discussion, and Using the 
Exercises. The preparation usually 
should be kept fairly short, and care 
should be taken to see that this work 
does not preempt either the Investi- 
gation or the Discussion. Generally, 
the Preparation should do nothing 
more than provide the children with 
that readiness which they need before 
they begin the Investigation. The In- 
vestigation presents the rudiment of 
the concept treated in the lesson and 
should be the ‘‘main event’’ in terms 
of pupil activity and involvement in 
the unfolding of the concept. 

In general, it is expected that the 
Investigation be done by the children 
either independently or in small 
groups. Think of the Investigation 
as student-centred activity. It is 
fully anticipated that the students will 
grope, question, search, and explore. 
Most Investigations are designed to 
provide for individual differences; 
that is, the child is frequently asked 
to perform a certain task as many 
ways as he can, or to find how many 
ways he can do a certain thing. By 
presenting the child with this type 
of challenge, at least some degree 
of success is assured. That is, your 
slowest student will find that he 
can do something more than one 
way, while your more able children 
will find many ways to do a given 
task. Thus, as you guide the children 
through an_ investigation, it is 
important for you to recognize that 
they will achieve in widely differing 
ways, and that you should give 
recognition for all levels of achieve- 
ment. Perhaps the most important 
thing to remember in working with 
the children during the Investigation 
is to encourage them to do the 
thinking and exploring. It is their 


section. Do not help them too much. 

Following the Investigation, the 
children are given an opportunity 
in the Discussion section to talk 
about what they did and to sum- 
marize the mathematical ideas of 
the lesson in preparation for working 
independently in the Using the Ideas 
section. Generally, the beginning 
discussion exercises are designed to 
stimulate the children to talk about © 
what they did in the Investigation. 
You should encourage them to 
discuss the various methods that 
they used to investigate and explore 
the concepts. Also, you should follow 
your teacher’s guide carefully to be 
sure that whatever mathematical 
ideas are to be developed in the 
section are actually summarized and 
understood by the children. 

The section titled Using the Ideas 
(called Using the Exercises in the 
teacher’s manual) does exactly what 
the title implies. The children, having 
come through the first three parts of 
the day’s lesson — the Preparation, 
the Investigation, and the Dis- 
cussion — should be ready to work 
on their own to use the ideas of the 
lesson. Again, you should provide 
for individual differences in assign- 
ing work in this section; in other 
words, base your assignments on the 
needs and abilities of the children. 
The exercise sets in this section are 
generally graded, beginning with the 
easier exercises and ending with the 
more challenging (starred) problems. 
Often, there will be a challenging 
puzzle-type problem for a_ given 
lesson. From time to time, a fairly 
easy challenge problem is provided 
to encourage less able children to 
attempt it. Also, quite often, all of 
the children will benefit from a dis- 
cussion of the challenge problem. 

At the top of each left-hand page 
of the teachers’ edition, under the 
heading Objective(s), the goal of 
the lesson is stated in terms of what 
the child should be able to do as a 
result of the lesson. This objective 
summarizes the key idea of the 
lesson in terms of the child’s per- 
formance. Throughout the teaching 
suggestions for the Investigation 
and Discussion, the most important 
ideas of eachlessonarere-emphasized 
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and clarified. It is important that 
you carefully consider the objective 
of each lesson so that you know 
how to direct the children through 
the development of ideas to the 
desired goal. 

Following the statement of the 
objective for each lesson, the teaching 
suggestions follow the format of the 
general teaching strategy mentioned 
above. The Preparation lists any 
materials the child will need for the 
Investigation, and, occasionally, ma- 
terials recommended for use by the 
teacher during the Discussion. The 
preparation section is designed to 
review ideas, motivate children, or 
give them necessary background 
information regarding the Investi- 
gation. Depending on your classe 
room organization, you may choose 
to use only those Preparations which 
are essential to the Investigation. At 
times it is recommended that you 
have children begin immediately 
with the Investigation. 

The next three sections of the 
teaching suggestions correspond to 
the sections of the child’s text: 


Investigating the Ideas — In- 
vestigation 

Discussing the Ideas — _ Dis- 
cussion 


Using the Ideas — Using the 

Exercises 
Each section contains teaching sug- 
gestions related specifically to the 
corresponding section in the child’s 
text. When lessons in the child’s 
text deviate from the standard for- 
mat, the teaching suggestions fall 
under the Discussion, and/or the 
Using the Exercises heading. 

A section titled Mathematics is 
included in certain lessons to provide 
background or to clarify for the 
teacher the principal mathematical 
concepts treated in the lesson. This 
section is strictly for the teacher; 
terms used here need not be used with 
the children other than as indicated 
in the teaching suggestions or in 
the child’s text. 

The Follow-up suggests various 
activities, games, or worksheets to 
help reinforce the concepts de- 
veloped in the lesson. These are 
included only as suggestions to 
be used as your schedule allows. 
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However, some of these activities 
and many of the materials recom- 
mended in the Resources for Active 
Learning may be used by the children 
independently at various activity or 
free periods throughout the day. 

Since effective use of the investi- 

gative approach requires knowledge 
of the materials available for activity- 
oriented classrooms, suggestions are 
provided in the section titled Re- 
sources for Active Learning. The 
lists of resources in the chapter 
introductions and in most of the 
lessons offer an ample start. Provided 
some of these resources are available, 
you should be able to use or adapt 
the ideas contained in them to 
various situations. 
\The “Manipulative Devices” can 
be used to support the lessons. The 
“Commercial Games” and ‘“‘General 
Activities” in the Chapter Intro- 
duction should be useful as con- 
tinuous activities throughout the 
chapter, for review or practice of 
basic skills and concepts. The 
Resources listed for specific les- 
sons are directly related to those 
lessons’ objectives. Choose one or 
two, and try them out in a variety 
of situations. 

At the time of this writing, the 
authors cited those resources which 
are of high quality and which directly 
complement the active-learning ap- 
proach. Familiarize yourself with 
those materials which have been 
marketed subsequently. Check with 
your principal or supervisor for 
more recent materials to support 
this type of learning approach. Such 
materials can often be obtained from 
your local supplier. Additional 
sources are listed on page xi. 
Provision for Individual Differences 

Minimum, average, and maximum 
assignments are provided for each 
lesson other than review lessons. 
These assignments are given to assist 
you in providing for the individual 
needs of the children. It is not in- 
tended that you give the minimum 
assignment to the slower children, 
the average assignment to the 
average children, and the maximum 
assignment to the more able children. 
Rather, these designations are given 
to assist you in making individual 


assignments according to needs, 
abilities, and time available for each 
individual child. For example, if time 
is short and you need to move 
rapidly through a particular lesson, 
you may choose to use the minimum 
assignment for all children. The 
minimum assignment will, in general, 
provide the children with sufficient 
practice and mastery of skills to move 
ahead to the next lessons. On the 
other hand, you may sometimes 
choose to use the maximum assign- 
ment with slower children over a 
period of two or three days. Also, it is 
highly likely that you will not want 
to assign the maximum assignment 
to the more able children, since 
quite often they need less practice 
than some average and below average 
children. For example, when your 
more able children demonstrate the 
ability to perform a particular skill 
with great efficiency, they should not 
be made to drill excessively in that 
skill. In some cases, an asterisk is 
placed beside an assignment to 
indicate that the lesson could be 
omitted without loss of continuity. 
Long-Range Planning Chart 

The long-range planning chart is 
designed to provide the teacher with 
some guidelines for planning basic, 
average, maximum course coverage 
of Investigating School Mathematics. 

The basic course outline covers all 
the essential parts of the program, 
but provides little in-depth or ex- 
tension material. The average course 
covers all the material of the basic 
course plus considerable extension 
material. The maximum course pro- 
vides for nearly total coverage of all 
topics presented in the text. Optional 
material for each of the three courses 
is shown by shaded page numbers. 

The suggested time schedule, 
covering 36 weeks, should be viewed 
only as an aid in helping you plan a 
time schedule that allows for the 
individual differences within your 
own class. You should not view it as 
a rigid schedule. For example, the 
basic course may be used with 
children who are achieving below the 
average grade level. This same course 
might be used in other ways, such as 
with a brighter child who may move 
rapidly through these same pages to 
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make up time lost through absence. ods or to stifle creative efforts. developing a topic and pursuing it 
General Suggestions Your manual does not attempt to until you have reached a desired 
We offer two general suggestions dictate all of the activities in the level of understanding with regard 
regarding use of the chapter and page day-to-day handling of your class to that topic. This is one of the 
lesson notes: and the individuals in it. You should guiding philosophies behind the 
(1) Read and consider each point as use your manual as a guide to be development of Investigating School 
it applies to the immediate ob- co-ordinated with those methods Mathematics. You will notice this 
jectives for the lesson and the which you have found to be most philosophy particularly in the devel- 
overall objectives of the unit. effective in teaching mathematics opment of some of the more intense 
(2) Do not allow the teachers’ man- in the past. One of the key tech- sections of work. That is, when the 
ual notes to deter you from using niques in presenting a structured topic is being introduced, it is ex- 
your own effective teaching meth- system of mathematics consists of plored in great detail; however, we 
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have tried to provide interesting 
activities to relieve the intensity of 
these longer sections. Treat the relief 
materials with a light touch and in 
the spirit of having fun and playing 
games with mathematics. 
Classroom Organization 

The Book 4 program can be used 
in situations where the entire class 
works together on the same lesson, 
where small groups work together 
on the same lesson, or where indi- 
vidual students are allowed to 
proceed at their own rate of speed. 
You will want to employ the type 
of classroom organization that best 
suits the physical facilities of your 
particular situation. Teachers often 
find it stimulating to vary group 
sizes for different lessons and units 
of work. Smaller-size groups can 
often work more effectively together 
and allow greater opportunity to 
participate in the Investigation and 
the Discussion. Whatever class or- 
ganization you choose, keep in mind 
that the key to the Investigating 
School Mathematics program is 
active student participation. 
Evaluation of Progress 

A child’s attitude toward mathe- 
matics is often influenced by the 
methods used for evaluating his 
progress. All too often, evaluation 
procedures focus attention on what 
the child did not understand or 
master, rather than on what the 
child did accomplish. In evaluating 
a child’s progress, try to maintain 
a positive view, one which capitalizes 
on successes and develops confidence. 

Achievement and diagnostic tests 
for Book 4 may be obtained from 
the publisher. Chapter reviews as well 
as cumulative reviews are provided 
in the text, to aid in evaluation of 
the child’s progress. However, you 
may find that a day-to-day evalua- 
tion of the children, often involving 


personal interviews, will help you de-, 


termine how well a child grasps the 
concepts and how well he is able to 
apply them. 
Children’s Bibliography 

Books listed in the Books to 
Explore section of the pupils’ text 
(pages A31-A33) were selected to 
appeal to the interests of children, 
as well as to provide historical 
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background and reference material. 
Additional books which may be 

of interest to you and the children 

are listed below. 

More Books to Explore 

Adler, Irving, Logic for Beginners 
Through Games, Jokes and Puzzles 


(New York: John Day, 1964). This. 


book contains 285 challenging 
brain teasers. 

Adler, Irving and Ruth, Numbers Old 
and New (New York: John Day, 
1960). This book explains the 
counting methods of Australian 
natives and Mayan Indians, and 
the fractions used by Egyptians 
and Greeks. 

Carona, Philip, Things That Measure 
(Englewood Cliffs, N.J.: Prentice- 
Hall, 1962). This book contains 
many pictures and diagrams to 
help explain units called cubits, 
how tobacco is used for money, 
and what is measured on a 
jeweller’s stick. 

Froman, Robert, Faster and Faster: 
A Book About Speed, (New York: 
Viking. Press, 1965). Phe. reader 
can compare the speed of snails, 
turtles, people, fish, cheetahs, 
boats, airplanes, the wind, the 
earth, spacecraft, light waves, and 
radio waves. 

Hine, Al, Money Round the World 
(New York: Harcourt Brace 
Jovanovich, 1963). This book tells 
about trading and money. 

Kaplan, Philip, Posers (New York: 
Harper and Row, 1963). You will 
find 80 hurdles for reasonably agile 
minds in this book. 

Kettlekamp, Larry, Puzzle Patterns 
(New York: Morrow, 1963). This 
book neatly blends a brief history 
of puzzles with the everyday uses 
of puzzle patterns in gear and keys. 

Luce, Marnie, The Math Concept 
Books(Minneapolis, Minn. :Lerner 
Publications, 1969). This series is 
designed to give increased under- 
standing of the way numbers work. 

Shimek, William, Patterns: What Are 
They? (Minneapolis, Minn.: Lerner 
Publications, 1969). A Math Con- 
cept Book. This book discusses the 
mathematical importance of pat- 
terns and examines the natural 
patterns around us. 

Smith, David Eugene, Number Stories 


of Long Ago (Washington, D.C.: 
NCTM, 1969). This book consists 
of stories about numbers, counting, 
numeral writing, and computing 
done by boys and girls of long ago. 

Smith, David Eugene, and Ginsberg, 
Jekuthiel, Numbers and Numerals 
(Washington, D.C.: NCTM, 1958). 
Unusual things about measures 
and curious number superstitions 
are a few of the subjects of this 
book. 

Smith, George O., Mathematics: The 
Language of Science (New York: 
G.P. Putnam, 1961). The stories 
in this book tell of how the first 
men kept track of their posses- 
sions, how Roman_ businessmen 
struggled with Roman numerals, 
and how the Babylonians dis- 
covered place value. 

Whitney, David, The Easy Book of 
Fractions (New York: Franklin 
Watts, 1970). The reader is shown 
the many ways in which people 
use fractions. 

Other Books of Interest 

Barr, Donald, Arithmetic for Billy 
Goats (New York: Harcourt Brace 
Jovanovich, 1966). Base-two arith- 
metic. 

Bendick, Jeanne, Names, Sets, and 
Numbers (New York: Franklin 
Watts, 1971). Sets, numbers, and 
classification. 

Carroll, Lewis, Through the Looking 
Glass (New York: Grosset & 
Dunlap, 1963). Mirrors and mathe- 
matics. 

Charosh, Mannis, Straight Lines, 
Parallel Lines, Perpendicular Lines 
(New York: Thomas Crowell, 
1970). A Young Math Book. Re- 
lating the ellipse to other curves. 

Frédérique and Papy, Graph Games 
(New York: Thomas Crowell, 
1971). A Young Math Book. Sets 
and relations. 

Hertzberg, Hendrik; One Million 
(New York: Simon & Schuster, 
1970). Number. 

Linn, Charles, Estimation (New 
York: Thomas Crowell, 1970). A 
Young Math Book. Making cal- 
culated guesses. 

Luce, Marnie, and A. B. Lerner, 
Infinity: What Is It? (Minneapolis, 
Minn.: Lerner Publications, 1969), 
A Math Concept Book. 


McCloskey, Robert, Time of Wonder 
(New York: Viking Press, 1957). 
Measurement and comparison. 

Sitomer, Harry and Mindel, Circles 
(New York: Thomas Crowell, 
1971). A Young Math Book. The 
nature of a circle. 

Srivastava, Jane, Weighing & Balanc- 
ing (New York: Thomas Crowell, 
1970). A Young Math Book. 
Measurement and comparison. 

Thurber, James, The Great Quillow 
(New York: Harcourt Brace 
Jovanovich, 1944). Number, meas- 
urement, comparison. 


Bibliography of Resources 

for Active Learning 

Abott, Janet, et. al., Franklin Mathe- 
matics Series: From Fingers to 
Computers; Learning About Meas- 
urement; Learn to Fold—Fold to 
Learn; Making and Using Graphs 
and Nomographs; Mirror Magic; 
Patterns and Puzzles in Mathe- 
matics; Pencil and Paper Geom- 
etry (Chicago: Lyons and Carna- 


han, 1970). 
Bates, John, Donald Irwin, and 
Garry Hamilton, Developmental 


Math Cards (Don Mills, Ont.: 
Addison-Wesley, 1970). 

Biggs, Edith, and James MacLean, 
Freedom to Learn (Don Mills, 
Ont.: Addison-Wesley, 1969). 

Clarkson, Dave, Math Activity Cards 
(New York: Macmillan Co., 1969). 

Cohen, Donald, Inquiry in Mathe- 
matics via the Geo-board (New 
York: Walker, 1967). 

Cohen, Donald, Mathematics Using 
String (Danbury, Conn.: Math 
Media Inc., 1968). 

Davis, Robert, Madison Project: 
Discovery in Mathematics: A Text 
for Teachers and Student Dis- 
cussion Guide (Menlo Park, Cal.: 
Addison-Wesley, 1964). 

Elementary Science Study: Attribute 
Games and Problems; Mirror 
Cards; Peas and Particles (St. 
Louis: Webster Division, Mc- 
Graw-Hill Book Co., 1968). 

Fletcher, Harold, Ruth Walker, and 
Arnold Howell, Mathematics in 
Modules (Sydney, Australia, 
Addison-Wesley, 1973). 


Galton, Grace, Arlene Fair. and 
Patricia Davidson, Chip Trading 
Activities—SET I (Fort Collins, 
Colo.: Sigma, Scott Scientific, 
1970). 

Goddard, T.R., and A.W. Grattidge, 
Applied Mathematics Cards (Hud- 
dersfield, England: Schofield & 
Sims Ltd., 1965) (available from 
Math Media Inc., Danbury, 
Conn.). 

Huff, M. Elizabeth, and Donald 
Irwin, Activities in Geometry for 
Primary Pupils (Don Mills, Ont., 
Addison-Wesley, 1973). 

Mathex: Matching and Graphing 
No. 1; Numeration No. 2; Oper- 
ations No. 3; Geometry No. 4; 
Graphing and Probability No. 6; 
Numeration No. 7; Operations 
and Problem Solving No. 8; 
Geometry No. 9; Measurement 
No. 10 (Teacher’s Resource Books 
and pupil pages) (Toronto, On- 
tario: Encyclopaedia Britannica 
Publications Ltd., 1970). 

Members of the Association of 
Teachers of Mathematics, Notes on 
Mathematics in Primary Schools 
(Cambridge, England: Cambridge 
University Press, 1967). 

Nuffield Mathematics Project: En- 
vironmental Geometry; Problems— 
Green Set; Computation and Struc- 
ture 2; 3,4; Beginning 1; Shape and 
size 2, 3; Pictorial Representation 
1; Graphs Leading to Algebra 2 
(New York: John Wiley, 1967- 
1969). 

Pearcy, J.F.F., and K. Lewis, Ex- 
periments in Mathematics, Stages 
1 and 2 (Boston: Houghton 
Mifflin, 1966). 

Sealey, Leonard, Early Number Multi- 
group Lab (Englewood Cliffs, New 
Jersey: Responsive Environments 
Corp., 1969). 

Swartz, Clifford, Measure and Find 
Out, Books 1 and 2 (Glenview, 
Ill.: Scott, Foresman & Co., 1969). 

Turner, Ethel, Teaching Aids for 
Elementary Mathematics (New 
York: Holt, Rinehart and Win- 
ston, 1966). 

Wirtz, Robert, et al. Math Workshop: 
Games and Enrichment Activities 
(Chicago: Encyclopaedia Britan- 
nica Educational Corp., 1964). 


Wirtz, Robert, Morton Botel, and 
B. G. Nunley, Discovery in Ele- 
mentary School Mathematics (Chi- 
cago: Encyclopaedia Britannica 
Educational Corp., 1963). 
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PAGES 2-3 


Objective 
Given the Investigating School 
Mathematics text, the child will 


understand the purpose of the three 
sections of each regular lesson. 


Preparation 
This first step of the four-part 
teaching plan for each lesson in the 
text is the briefest. However, it will 
often be the key to inspiring children 
with an enthusiastic approach to the 
lesson. In some lessons, it is essen- 
tial to the investigation; in others, 
it simply serves as a review. It should 
be kept brisk and lively, and seldom 
should it extend beyond five minutes. 
As preparation for this introduc- 
tory lesson, you might simply 
encourage the children to flip 
through the pages of the book, 
pausing to look at whatever interests 
them. After one or two minutes, 
refer them to the title and author 
page and the table of contents, ask- 
ing them what chapters they think 
they will enjoy the most. Finally, 
refer them to the first introductory 
lesson. 


Investigation 

As stated in the introductory mate- 
rial, the investigation presents the 
child with an opportunity to explore, 
often with minimum teacher direc- 
tion, the ideas presented. Sometimes 
this exploration consists of an in- 
vestigation with concrete objects; at 
other times, the child simply uses 
paper and pencil to explore ideas 
about number. In any case, this sec- 
tion should be totally child-centred. 
It is the child’s opportunity to ex- 
plore new ideas or new ways of 
looking at familiar ideas. It is the 
kick-off for the lesson. The child’s 
efforts in this section should not be 
assessed in terms of “right” and 
“wrong.” Rather, he should be en- 
couraged to explore things on his 
own, with the understanding that he 
often learns as much from his “in- 
correct”’ methods as from his correct 
methods. 

In this introductory lesson, you 
will probably want to read with the 
children the paragraph at the top of 
the page and explain that you want 
them to read and answer questions 
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1, 2, and 3 by themselves. Move 
around the room encouraging chil- 
dren who find the required sections 
and suggesting that they look for 
others. Stress the importance of 
recording their answers even when 
the text does not explicitly request it. 


Discussion 

The discussion section provides an 
opportunity for children to discuss 
the ideas they investigated and for 
you to guide the discussion in order 
to stress the main point of the lesson. 
It is in this section that you will 
sometimes want to demonstrate 
various computational skills or use 
visual materials to emphasize a par- 


3. Can you find an “Investigating the Ideas” 
section where you look in the newspaper, 


a magazine, or another book ? 
Sample answer: page 42 


® Let's explore your mathematics book. 


Investigating the Ideas 


This is a sample lesson. It will help you understand 

how to use your book. In this part of a lesson there 

are things for you to investigate and discover. 

1. Can you find an ‘Investigating the Ideas” section where 
you use colored strips like these ? Sample answer: page 4 


2. Can you find an “Investigating the Ideas” 


section where you use dot paper or a 
board with nails in it ? Sample answer: page 266 








Discussing the Ideas 

In this part of a lesson you will discuss the ideas you 

investigated. You will be sharing your ideas with others. 

You will be getting ready to use the ideas. 

1. a Which of the “Investigating the Ideas’’ sections you 
looked at seemed interesting ? Why ? Answers will vary. 

B Does a ‘Discussing the Ideas” section follow that 

“Investigating the Ideas” section ? Does it ask you Yes 
to explain something or to give your ideas ? Yes 
Read one of the questions. 


2. Does every ‘‘Discussing the Ideas” section follow an 
“Investigating the Ideas” section ?No; see Discussion. 


ticular concept. The questions in the 
text help the children to focus on the 
most important concepts, but your 
skill in guiding discussion and pre- 
senting ideas will be invaluable in 
this section. 

Notice that the first question, 1A, 
gives children an opportunity to talk 
about their answers from the in- 
vestigation. Then, questions 1B and 
2 use these results as a springboard 
to other related ideas. Have children 
note the color bands for each section 
and point out that every investiga- 
tion section is followed by a discus- 
sion section. However, in some 
lessons no investigation precedes the 
discussion section. 





In this part of the lesson you will use the ideas. You will 
work problems to improve your understanding of the ideas you 


have discussed. Try these. 


1. 


2: 


5. Look up segment in your index. What page numbers are given ? 


Problems in these boxes are a special challenge for you. 
Be sure to try some of them. See if you can do this one. 





How many ‘Investigating the Ideas” sections are in Chapter 4?8 


Find the number of ‘‘Discussing the Ideas” sections 
in Chapter 6.5 


. How many “Using the Ideas” sections are in Chapter 8? 6 
. A Give the page number for a lesson called “Keeping in Touch.” 


B Find the Activity Card for this lesson. What page 
number is it ON ? Sample anewer: page 347 


Using the Exercises 

The section in the child’s text 
entitled Using the Ideas is referred 
to in the teacher’s manual as Using 
the Exercises. As indicated by this 
title, this section is intended to pro- 
vide the children with an opportunity 
to use the ideas they have investigated 
and discussed. Ordinarily children 
should be expected to work by them- 
selves for this section. Occasionally, 
however, you might want to use a 
few of the exercises as a basis for 
introduction, directions, and discus- 
sion. Exercises on these pages may 
be assigned selectively; that is, it is 
rarely essential that each child do all 
the exercises. However, on many 


Using the Ideas 


Sample answer: 
page 57 


Pages 102-103, 114 





pages the exercises progress develop- 
mentally, so children should do at 
least some parts of each exercise. 
Starred exercises refer to exercises 
which extend the concept of the 
lesson or give more difficult applica- 
tions of it. They are not intended for 
all children. 

Explain to the children the pur- 
pose of this section and assign the 
exercises. In some of these sections 
the amount of reading involved may 
make it desirable for you to read the 
exercises aloud with some children. 
The Think problems constitute a 
special challenge. Encourage children 
to try them, even though they are 
intended primarily for enrichment. 


CHAPTER 1 
Pages 4-33 


General Objectives 

To provide experience in working with 
length, area, and volume 

To introduce the idea of selecting 
appropriate units 

To provide practice in estimation 

To introduce the concept of perimeter 

To provide experience in working with 
units for liquid measure 


This chapter explores three basic 
types of measurement—length, area, 
and volume—and introduces the 
concept of perimeter for the first 
time. 

Length, area, and volume are con- 
cepts extended somewhat from Book 
3, but they are primarily review 
topics. Hence, the early work on 
these three topics moves quite 
rapidly. 

In this chapter, measurement can 
be divided into two parts: (1) count- 
ing distinct objects in a set and (2) 
approximation or estimation. When 
we can obtain measurements by 
counting distinct objects, we have 
no need for approximation or estima- 
tion. However, the concept of 
approximation or estimation is used 
when we cannot count distinct ob- 
jects. In this chapter, the children 
learn to make some approximations 
to determine the lengths of given 
objects. Fractional numbers in meas- 
urement are developed as an out- 
growth of approximations, and 
indirectly provide the child with a 
background for fractional numbers. 
The concept of perimeter as the 
distance around a figure is carefully 
developed as an application of 
measurement of length. 

Carefully planned sequences of 
exercises lead the children to dis- 
cover some basic formulas for finding 
area of plane regions and volume of 
space figures. However, no attempt is 
made to formalize these discoveries. 
The children are also given some 
experience in working with volumes 
of liquids. Although the concepts are 
essentially the same, the children 
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Measurement 


will find that measuring liquids is 
quite different from counting cubes 
to find volume. In both kinds of 
measurement, it should be noted that 
we find volume with respect to a 
given unit. By working the exercises, 
the children see the relationship be- 
tween finding volume with units of 
liquid measure and finding volume 
with cubes. 


Mathematics 

Measurement is a process of associ- 
ating numbers with certain objects. 
Before an object in the real world 
can be measured, a unit must be 
chosen. The number 1 is assigned 
to this unit. The measuring process 
then consists of comparing the object 
to be measured with this unit, usually 
by counting the number of units it 
takes to “cover” or “fill up” the 
object. Thus the choice of the unit 
determines which numbers are as- 
signed to other objects. This process 
is illustrated below. 


he Measurement Proces 


1. Select a unit. 
2. Divide object 
into units. 

3. Count the 
number 
of units. 


A number 
for the 

—> measure 
of S 


S stands 

for object 

to be —>| 
measured. 





In this chapter we are concerned 
with measurement of length, area, 
and volume. Notice, however, that 
a broad interpretation of the meas- 
urement process also allows the 
measurements of angles, weight, and 
time to be included. 

The following illustration shows 


the kind of unit used in the types of 


measurement discussed in this chap- 
ten: 


Square 
Volume 





We could specify particular examples 
of these units—a metre, a square 
metre, and a cubic centimetre—but 
we want to discuss these units in 
general terms. 

The length of segment AB is a 
number that compares the size of 
the segment to be measured with the 
size of a unit segment. Perhaps the 
following illustration will help clarify 
the concept of measurement of 
length. 


AY B 












unit segment ——» e—e 


| 


3 

The input is line segment AB. The 
machine performs the operation of 
counting unit segments, and the 
output, 3 in this example, is the num- 
ber of unit segments in the input. 
_To find the area of a given region, 
a unit must be chosen and counted 
just as in determining length. Usually 
a unit of length is chosen and a 
square region that has sides of that 
unit length is used as the area unit. 
This unit is then counted to deter- 
mine how many of these unit-square 
regions it takes to cover some region. 
Consider region ABCD. 


A&B 
an oe 


At unit squares. 





unit square—_>L_] 


4 
The number of unit squares counted, 
4, is the area of region ABCD. To 
find the area of geometric figures 
such as rectangles, parallelograms, 





triangles, and circles, special for- 


mulas which provide shortcuts for 
the counting process may be used. 
The basic concept of area measure- 
ment is, however, one of counting 
unit squares. 


To find area, a region of a plane 
is measured. To find volume, a 
region of space is measured. Just as 
with area, a unit must be chosen and 
counted. A common unit for volume 
is that region of space in a cube that 
has edges of length 1, a unit cube. 






unit ‘iCal wa 8, 


| 


6 
The number of unit cubes it takes 
to fill the region, R, is the volume 
of R, 6 unit cubes. In measuring 
- volume, a number is associated with 
a region of space. Again, when it is 
impractical to divide the space into 
unit cubes and count, it is necessary 
to develop shortcut formulas; but 
the formulas are based on the count- 
ing process. 

In each type of measurement dis- 
cussed, a more accurate measure 
could be obtained by choosing a 
smaller unit, such as a part of the 
unit shown. For example, for dis- 
tances that cannot be measured 
accurately enough by using the metre 
as a unit, the centimetre, which is 
zoo 28 long as a metre, is often 
used. This suggests that the output 
number in practical measurement 
is often a fractional number. 





Teaching the Chapter 

Materials 

Blocks, sugar cubes 

Centimetre ruler 

Colored strips 

Construction paper 

Containers for liquid measure: 2 
litre, 1 litre, 500 ml, 250 ml, 100 
ml 

Demonstration squares, marked in 
fractional regions 

Empty boxes to be filled by cubes in 
measuring volume 

Flannelboard 

Graph paper 

Metre stick 

Notebook paper or newsprint 


Overhead projector 

Sand or water for measuring volume 

String (1-metre piece per 2 children) 

Transparent ruler for use on over- 
head projector 


Vocabulary 

area metre 
centimetre millilitre 
cube minute 
day perimeter 
estimate scale 
fractional part second 
hour segment 
kilometre tonne 
length unit 

litre volume 
measurement week 


Because measurement concepts can 
be explored best through physical 
activities, it is imperative that you 
give the children an opportunity to 
make considerable use of various 
materials in class activities. The in- 
vestigations provide adequate manip- 
ulative experiences, but you may 
choose to extend use of materials in 
other physical activities, depending 
on the children’s need for such 
experiences. 

The vocabulary list contains all 
the words pertinent to the discussions 
in this chapter. Many of the words 
are already familiar to the children, 
but you should be alert to those 
words which are new to the class and 
give them particular emphasis. 
Lesson Schedule 
Because many varied activities can 
be conducted to illustrate the lessons 
in this chapter, there is some danger 
that these activities may take too 
much time. This does not mean that 
you should greatly limit the activities 
for these lessons but only that you 
should exercise caution to see that 
this chapter does not take an undue 
amount of time. Plan to spend no 
more than three weeks on the chapter. 
Evaluation of Progress 
The chapter review on pages 32 
and 33 can be used for evaluation, 
or you can construct a test similar 
to this review. In judging the chil- 
dren’s achievement, keep in mind 
that exploration and recognition of 


the ideas is of primary importance 
and that complete mastery of all 
material is not expected. 

Treat the chapter with a light 
touch, since it is not a necessary 
background for the rest of the year’s 
work. Nevertheless, these ideas are 
important to the full development of 
mathematics. Since one of the pri- 
mary aims of this program is to 
stimulate the children’s interest in 
arithmetic, try to see that the 
children have a successful and en- 
joyable experience with this chapter. 


Resources for Active Learning 

GENERAL ACTIVITIES 

Developmental Math Cards, G*6, 
Addison-Wesley 

Freedom to Learn, ‘“‘Length,” ‘“‘Per- 
imeter and Area,” “Volume and 
Capacity,” pp. 121-134, Addison- 
Wesley 

Nuffield Project: Computation and 
Structure 2, “Length,” pp. 6-23, 
Wiley. [Includes many suggestions 
for practical work.] 


MANIPULATIVE DEVICES 


Area Discovery Blocks (Educational 
Teaching Aids) 

Caliper (Edmund Scientific; Selective 
Educational Equipment) 

Capacity and Weight Measures (Edu- 
cational Teaching Aids; school 
supplier) 

Cubical Counting Blocks (Milton 
Bradley, school supplier) 

Geoboards (Addison-Wesley) 

Lake and Island Board (Math Media) 

Map Measurer (Edmund Scientific) 

Metre Stick (Geyer Instructional 
Aids) 

Surveyor’s Land Chain (Selective 
Educational Equipment) 

Trundle Wheel — Metre (Math 
Media; Selective Educational 
Equipment) 

COMMERCIAL GAMES 


The Weighting Game—A Game of 
Strategy and Balance (Cadaco) 
Which Is More? (Selective Educa- 

tional Equipment) 
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PAGES 4-5 
Objective 

Given an appropriate pair of the 
colored strips, the child will be able 
to give the measurement of one strip 
by using the other as a unit. 


Preparation 
Materials 
colored strips 

The only preparation essential to 
this lesson is to make sure each child 
has a set of colored strips. The 
strips can be made easily, but are 
also available from Addison-Wesley. 
It is suggested that you supply 
each child with an envelope or other 
suitable container; direct him to put 
his name on the envelope; and, after 
each use of the strips, collect them 
to be used again when needed. 

If the majority of the children 
are familiar with the strips, having 
used them previously with books of 
this series, you might let them spend 
a few minutes recalling ways in which 
the strips were used. If the strips 
are new to the children, let them 
speculate about how the strips might 
be used. 


Investigation 

Because this is the first regular lesson 
in the book, you might want to give 
particular guidance to the class in 
working through it. Direct the chil- 
dren to arrange their strips as shown 
on page 4. Read the directions with 
the class, and let the children study 
the strips. Then write the colors of 
the strips on the chalkboard and 
suggest that, as they work on the 
first question, they record the num- 
ber with the color to which they 
would assign it. The color names in 
order of length, when the white strip 
is the unit, are (1) white, (2) red, (3) 
light green, (4) purple, (5) yellow, 
(6) dark green, (7) black, (8) brown, 
(9) blue, and (10) orange. Children 
should use the unit (1) strip to count 
how many times it fits on another 
strip, to prove to themselves which 
number should be assigned to each 
strip. By choosing the red strip as 
the unit and fitting it onto another 
strip, the child can find the length 
of that strip in terms of the red strip. 
Of course only the red, purple, dark 
green, brown, and orange strips will 


4 





black-3 









have whole-number measures (1, 2, 
3, 4, and 5 respectively). Children 
might give the lengths of the other 
strips, but lead them to concentrate 
on the strips whose measure can be 
given in whole numbers. 


White —5 3 It. green- I? 
’ encima ds i 


Numbers and Measurement 


@ How do we use numbers in measurement? 


Investigating the Ideas 


Think of the number 1 when you see the white strip. What 
numbers do you think of when you see each of the other strips ? 





> purple-2; yellow-2)% 5 dark green-3; 
ue-4 6 5 orange-5. 


Think of the number 1 when you see the red strip. 


Can you give numbers for some of the other strips ? 
See Investigation. 





Discussing the Ideas 


Now think of the number 1 when you see the light green strip. 
Give the lengths of some other strips. (The length of any strip 
is the number of times the chosen unit fits on that strip.) 


Eel ae t raphy. | 
unit | | 
bs Bins, th Es ae a Dede eB Tay 


White -)5 3 red- 3% 5 purple-1% ; Yyellow-1% 3 dark green-Z;} 
4 black-2% ; brown-2%,% ; blue-3; orange-3% 


Discussion 

One of the most important concepts 
treated in this lesson is that of unit. 
In the investigation, the children 
intuitively explore the idea that the 
number assigned as the length of an 
object depends upon the unit used 
to measure it. Encourage the children 
to discuss the results of the investiga- 
tion. Help them realize that their 
unit strip was first the white strip 
and then the red strip; and for each 
different strip the number they 
thought of, or the length, was also 
different. For example, when the 
white strip is the unit the purple 
strip should be assigned the number 
4; but when the red strip is the unit, 


Give the missing number in each exercise below. 
You may want to use your strips to find the answers. 




















the purple strip should make one 
think of the number 2. Then allow 
the children time to find the measure 
for other strips when the light green 
strip is the unit, as suggested in the 
text, and let them compare and dis- 
cuss their findings. Again, as in the 
investigation, children should con- 
centrate on the strips whose measure 
can be given in whole numbers. 


this is one unit long 


the length of this strip is 


this is 


Using the Ideas 











Using the Exercises 

If the children have understood how 
to use the unit strip to measure other 
strips, assign the exercises on page 5 
as independent work. If necessary, 
work through a few exercises with 
the children to ensure that they know 
what they are to do. The starred 
exercises are more challenging, but 
many children would benefit from 
an explanation of how to use the 
white strip as 10 and count the red 
strip and the orange strip by tens. 
When the children have finished, 
help them check their work together. 
Assignments (page 5) 

Minimum: 1-8, oral. Average 1-8. 
Maximum: 1-10. 


Mathematics 

Once a unit has been chosen for 
the measurement of a segment, the 
length of the segment is determined. 
The measurement of the segment is 
found by counting the number of 
times the unit is contained in the 
segment being measured. Length, 
then, is a number associated with 
the segment in relation to the chosen 
unit. By considering lengths of their 
strips in terms of various chosen 
units, the children explore these 
basic concepts. 


Follow-up 
To provide the children with more 
experience in using different units, 
prepare a worksheet similar to the 
one below. 


Give the length for each line 
according to the unit given for 
each exercise. 








Line A 

6cm 
Unit Line Length 
1. white strip Nig aah a 
2. red strip Dstt SS 
3 ight Steen) Sti Mae eee eee 

Line B 

8 cm 
4. white strip 4 Agia 
5. red strip ee ee 
6. purple strip (ON tone eee 
Fs DEOWD! Stipe Ne eae) pene) ieee 

Line C 





9cm 


8. white strip 
9. light green strip 
10. blue strip 


Resources for Active Learning 

Franklin Series: Learning About 
Measurement, pp. 5—7, Lyons and 
Carnahan. (Available from Mc- 
Graw-Hill Ryerson) 

Math Workshop: Games and Enrich- 
ment Activities, “Three Boxes,” 
pp. 10-11, Encyclopaedia Britan- 
nica Educational Corp. [A game 
of logical reasoning through If- 
Then situations] 

Mathex: Measurement No. 10, 
“Measurement with Different 
Units,” pupil page 3, Encyclo- 
paedia Britannica Publications Ltd. 


Workbook, page 1 


PAGES 6-7 


Objective 

Given a centimetre ruler, the child 
will be able to measure the length of 
appropriate objects. 


Preparation 
Materials 
colored strips; centimetre ruler 


To prepare for this lesson, you 
might tell the children that although 
the investigation directs them to use 
the white strip, they should have 
their other strips available. They may 
find a use for them in the investiga- 
tion or in other parts of the lesson. 
(It is hoped that some children will 
use strips other than the white strip, 
but they should be given the oppor- 
tunity to think of this themselves.) 


Investigation 

In this investigation, children are 
given a chance to relate the idea of 
unit to the convenience of a ruler. 
Most children at this level will 
realize that the procedure of using 
the white strips to measure the length 
of the top of the desk is very tedious. 
Without giving specific suggestions, 
encourage the children to look for 
easier ways of finding the length. 
The most difficult way would be to 
use one single white strip. The pos- 
sibility of using two or more white 
strips might occur to several chil- 
dren, and some might realize that 
these white strips could be replaced 
by a strip of another color and 
length. Some may see that the orange 
strip is the best replacement since it 
would require the fewest number of 
moves. Some capable children may 
recognize that the unit is one centi- 
metre and use the centimetre ruler. 
Note that the uncolored side of the 
orange strip, with its markings, may 
be considered to be a centimetre 
ruler. 

Allow children ample time to work 
out their procedure by themselves. 
If necessary, you might give a few 
suggestions to those having trouble 
finding an easy way, but do so in 
the form of questions to individual 
children as you move around the 
room. 


If the white strip 
is one unit long, 
what is the length 


Answers will vary. 


re A. 





Discussion 

When most of the children have de- 
cided upon an “easy way,” use the 
discussion exercises as a basis for 
letting the children share the results 
of the investigation. In exercise 3, 
emphasize that the white strip is the 
centimetre unit. Also, if centimetre 
rulers are not available for each 
child, now would be a good time to 
have the children make them. (This 
might be done by distributing strips 
of stiff paper about 15 cm long. 
Then guide the children in lining up 
their strip of paper with the picture 
in exercise | on page 7. Be sure that 
they put the end of the strip exactly 


of the top of your desk ? 


1. What easy way did you find 
to measure your desk ? 
See Investigation. 


What does the picture show ? 
Centimeter ruler 
sb How could you find the length 


of the top of your desk with a centimetre ruler ? 
Sample answer: Count how man i 


@ How can a ruler help you find length? 


Investigating the Ideas 





Can you find an easy way to find this length ? 
See Investigation. 





Discussing the Ideas 


bial 


y be ruler wil 
fit across length of desk. 


Less 


4 


3. To find length, we may choose 
any unit, but it is easier if 
we use special units, like 
the centimetre. Do you think the 
length of the top of your desk 
found using red strips is more or less than the length found 
using the centimetre ruler ? Check your answer. 


when measured with ced 


red strip 1S greatér than 


at the zero mark of the illustrated 
ruler.) . 

During the discussion, develop 
the idea that different units assign 
a different number as the length of 
an object. Thus, the children’s 
measures of their desk tops will 
differ according to the different units 
they chose. Exercise 3 leads into the 
idea of standard units of measure 
and enables children to compare two 
units, the red strip and the centi- 
metre. Help them realize that, since 
the length given in centimetres is 
greater than that given in red strips, 
the centimetre unit must be smaller 
than the red strip. 


One 
centimetre (cm) 





strips, because 
4 centimetre. 





a Which is longer, a red strip or a centimetre ? red strip 
B Give the length, in centimetres, of each of your strips. 


ce Which strip is about 4 centimetres long ? 4 red strips long ? 
purple strip prown strip 
2. Use your centimetre ruler to measure these objects. 


lOcmA 





[art —— 





3. Use your centimetre ruler to measure these objects. 


oe (ee 
Ps ee ae | ee tc 


5cms 


4. Draw pictures of objects 
that are this tall. 
a 12cm sb 20cm 


5. A boy is 6 times as tall as this 
page. Will you get a number 
greater or less than 150 
when you measure him with 
a centimetre ruler ? | ess 





Using the Exercises 

For exercise 1, the children need one 
of each of the colored strips and a 
centimetre ruler. 

Assign the exercises as independent 
work, requesting that the children 
record the results of their measure- 
ments. When they- have finished, 
check their results and discuss any 
difficulties. 

Allow those who try the Think 
problem freedom to check their 
guess. However, the point in having 
them make a string of paper clips is 
not just for them to see how many 
they would need, but for them to 
understand the role of unit as they 
make the ruler and use it to measure 
the width of the room. 





Using the Ideas 


Assignments (page 7) 


Minimum: 1-3. Average 1-5. 


Maximum: 1-5. 





Answers, exercise 1B, page 7 


1B white—1 dark green—6 
red—2 black—7 
light green—3 brown—8 
purple—4 blue—9 
yellow—5 orange—10 
Follow-up 


To give the children further experi- 

ence in using different units to 

measure objects, write a list of avail- 
able objects on the chalkboard. Then 
have the children work in groups of 
three or four, first choosing a unit 
of measure and then measuring the 
objects in terms of this nonstandard 
unit. You might have them display 
on a bulletin board the list of ob- 
jects and the various lengths as- 
signed them according to the units 
used by the different groups. 
Possible Objects to Be Measured 

window frame 

chalk tray 

teacher’s desk 

bookshelf 

height of door 

length of corridor 

length of classroom 

Resources for Active Learning 

Applied Mathematics Cards, Group 
1/2, 3, Schofield and Sims. 
[Measuring length] (Available 
from Mafex Associates, Willow- 
dale) 

Franklin Series: Learning About 
Measurement, pp. 7-8, Lyons and 
Carnahan. (Available from Mc- 
Graw-Hill Ryerson) 





PAGES 8-9 
Objective 

Given familiar objects, and using 
the centimetre unit, the child will be 
able to estimate the lengths of the 
objects and check his estimates by 
measuring. 


Preparation 
Materials 
centimetre ruler (1 per child) 
metre stick 

To prepare for this lesson, write 
the word “estimate” on the chalk- 
board. Ask the children if anyone 


knows what the word is and what it | 


means. Let them give their opinions 
and then direct them to the text, 
where they will do some estimating. 


Investigation 
As you read through the directions 
with the class, it would be helpful to 
extend the list of items given in part 
2. For example, write on the chalk- 
board the additional suggestions: 

the height of the door 

the length of a bookshelf 

the width of the teacher’s desk 

the length of a school corridor 

the height of a bulletin board 

Having given these additional sug- 
gestions, you might direct the chil- 
dren to work in groups of two or 
three. Encourage them to let each 
member make a guess and then work 
as a team to check their estimates by 
measuring. It would be helpful for 
as many groups as possible to esti- 
mate and measure three or four 
items. Remind them that before 
each guess they must choose a unit 
to use. Some may use the same unit 
for each object they estimate and 
measure; others may choose a dif- 
ferent unit for each object. 


® Can you estimate length? 


Investigating the Ideas 
How good are you at guessing lengths of objects ? 
Try this Investigation with a classmate. 


Use centimetre units. 


the length of your desk top 

the height of a window 

the length of your shoe 

the length of the teacher's desk 
the width of a closet door 





Write your guesses for: 
Guesses will vary. 






Can you check your guesses by measuring ? 
See Investigation. 





Discussing the Ideas 
Answers will vary throughout. See Discussion. 


1. Which of your guesses is closest to the length 
of the object you measured ? 


2. Do you have any special ways to make good guesses 
of objects’ lengths ? 


3. Guess the height of a classmate, using the centimetre 
as the unit. Check your guess. 


4. Guess your own height in centimetres. Then check your guess. 





Discussion 

As children talk about the estimates 
they made in the investigation, use 
the discussion exercises to stress one 
of the main ideas in the lesson, 
namely, that estimates can be made 
more easily when a standard tool 
of measure is kept in mind. For 
example, imagining a centimetre 
ruler and mentally comparing the 
length of an object with it, would 
help someone make a fairly accur- 
ate estimate. In exercise 3 someone 
may imagine a centimetre ruler. 
Thinking of a metre stick as well as 
a centimetre ruler, would help many 
give accurate estimates of the 
lengths of the objects suggested in 


the investigation. Discuss this with 
the children, exhibiting a metre 
stick to help them recall that a 
metre stick is equal in length to 100 
centimetres. 


Follow-up 

Several children might enjoy draw- 
ing and labelling the lengths of the 
parts of the body they measured in 
exercise 2. These drawings may then 
be displayed for all to compare. 


Using the Ideas 


a ea Comparing Metric Units 










1 centimetre cm Others may be interested in re- 
A decimetre is 10 centimetres long. 1dm = 10cm search work on the history of meas- 
A metre is 10 decimetres long. 1 m=10dm urement. For example, they might 


A kilometre is 1000 metres long. report on terms such as the follow- 

ing: cubit, digit, fathom, nail, span. 

Resources for Active Learning 

Developmental Math Cards, G?1, 
Addison-Wesley. 

Applied Mathematics Cards, Group 
1/8-10, Schofield and Sims. [Es- 


timating] (Available from Mafex 


1. Give the word [centimetre(s), metre(s), kilometre(s)] 
that best completes each sentence. 
a Apencil is about 15 __? ___ long.cendimetres 


s Aman is about 200? __ tall... metre stick 


c A basketball hoop is 3 ? ___ high. metres Associates, Willowdale.) 

p Ajet plane might fly 7 __ ? __ high. Kilometres Franklin Series: Learning About 
e A football field is 96 __ ?__ long. metres Measurement, pp. 11-19, Lyons 
F A book is about 20 ___ ?___ wide. ¢enTimetres and Carnahan. (Available from 
« Aman might be about 2__ ? __ tall. metres bilsattre McGraw-Hill Ryerson.) 

H You could walk a distance of one __ ?___ in about 15 minutes. Math Activity Cards, “Cubits,” 
1 A basketball court is about 27 __ ?__ long. metres B23; “Fathoms,” C22, Macmillan. 
s Your hand is about 7 __ ?___ wide. centimetres Mathematics in Modules, M7, 
«x A postage stamp is about 2__?__— high.centimetres Addison-Wesley. F 

. Niagara Falls is about 50 __ ?__ high. met res Mathex: Measurement No. 10, “A 


Ball Diamond,” ‘Making a 
Measuring Tape,” pp. 2-3; 
“Make a Metre Stick,” p. 6; 
“Metric Units,” pupil page 22, 
Encyclopaedia Britannica Publi- 
cations Ltd. 


2. First estimate and then find (to the nearest centimetre) 


the distances on your body suggested by these pictures Answers 
will vary, 
A B c D 





Workbook, page 2 





Using the Exercises When children have had sufficient 

With the class, read the various time to complete this page, give 

units for length and then read the them the correct estimates for exer- 

directions for exercise 1. Give the cise 1 so that they can check their 

children an opportunity to make work. Encourage discussion of any 

estimates for exercise 1 indepen- item which seems more difficult to 

dently. Suggest that they help each estimate. 

other when they make the measure- 

ments to check their estimates in 

exercise 2. You may want to assign 

partners for this purpose. Also, you 

may need to review for the children 

that when we say, for example, that 

the measure of an object is 4 cm to 

the nearest centimetre what we mean 

is that its measure is closer to4.cm Assignments (page 9) 

than to 3cm or 5 cm. Minimum: 1, 3. Average: 1-3. 
Maximum: 1-3. 


PAGES 10-11 
Objective 

Given an object whose length is less 
than the unit length, the child will be 
able to give the length of the object 
as a fractional part of the unit. 


® Fractional numbers 


Investigating the Ideas 


If the light green strip 
is the unit, 

what is the length 

of the white strip ? 4 


If the red strip 

is the unit, 

what is the length 
of the white strip ? 4 


Preparation 
Materials 
colored strips 

No specific preparation is recom- 
mended for this lesson. The term 
fractional number is presented in the 
investigation and in the discussion, 
so it need not be discussed before 
these sections. 


Investigation 

Each child needs at least one of each 
of the colored strips. You might 
want to discuss illustrations A and B 
at the top of page 10 in order to 
clarify for the children what they are 
intended to do in this investigation. 
The ruler in the illustration is an 
imaginary ruler showing which strip 
is to be regarded as the unit. When 
the children proceed to consider the 
other strips as the unit, they should 
only imagine such a ruler; they 
should not actually use a ruler, be- 
cause they would need a different 
ruler for each strip. You might find 
it necessary to explain the fractional 
number + and the fractional number 
3, to help the children understand 
the directions. When you are sure 
the children know how to proceed, 
encourage them to work independ- 
ently, recording the length of the 
white strip when each of the other 
strips is the unit. 





The answer to question B 
is the fractional number 4 


(‘one third”’). 

Red-~4 3 It.green-%; 
purple-J ; yellow-%; 
dk.green-%; black-'4; 
brown-¥4; blue-'; 
orange- Ho 


The answer to question a 
is the fractional number } 
(‘one half’’). 


Can you give the length of the white strip 
when each of the other strips is the unit ? 





Discussing the Ideas 


1. In [a] the white strip is 1 of 2 parts needed 
to match the unit. How are these numbers 
used to write the fractional number for the 
length of the white strip ? % 


2. In[s] the white strip is 1 of 3 parts needed 
to match the unit. How are these numbers 
used to write the fractional number for the 
length of the white strip ? 4 





3. Explain what you found in the Investigation. 
See Discussion. 
10 





strip beneath the purple strip on the 
flannelboard. Continue similarly with 
each of the strips. Depending on the 
understanding shown by the children, 
you might use two or three white 


strips and show 3’s or #’s or 2’s 


Discussion 

Exercises 1 and 2 on page 10 further 
develop the idea treated in the 
illustrations of the investigation. 
Write the fractional number on the 
chalkboard or use felt numerals on 


10 


the flannelboard to show 3 and 4 as 
you speak of | of 2 parts and of 1 of 
3 parts. Exercise 3 leads back to a 
discussion of the investigation. Use 
the chalkboard or strips on the 
flannelboard to demonstrate each 
situation. Ask for volunteers to 
explain, for instance, what the length 
of the white strip is if the purple 
strip is the unit, and have a child 
write the fractional number on the 
chalkboard as you show the white 


and so on. In each case, relate the 
phrase “1 of 2 parts” or “2 of 3 
parts” to the fractional number 4 or 
=, to help the children see how the 
expressions are associated. 


1. The unit strip has a “1” on it in each exercise. 
Give the missing numbers. 
a The purple strip is__ ?_!| of __? 2 parts 
needed to match the 
unit. Its length is ___ ? 2 


B Thelight green strip is __?_! of _? 3 
parts needed to match the 
unit. Its length is _ 2%, 


c The red strip is __?_! of __?* parts 
needed to match the unit. 
Its length is _?4. 





bp The white strip is __ ?_! of __?!° parts 
needed to match the unit. ie a ee 
Its length is _? “©. a 


2. If the dark green strip is the 
unit, what is the length of the 
a white strip 2% 

B red strip? 4 

c light green strip ?4 

p yellow strip ? % 


3. If the orange strip is the unit, 
what is the length of the 
a yellow strip ?4 
B red strip? 
c orange strip ?! 
+ p light green strip ? % 


Using the Exercises 
You might like to work through 
these exercises together. However, if 
you think the children are capable, 
assign the page as independent work. 
Exercises 2 and 3 may require 
special discussion; help the children 
think, “What number of each strip 
is needed to match the unit?” If the 
yellow strip is thought of as 5 white 
strips, and the dark green as 6 white 
strips, starred exercise 2D will be 
simplified. Similarly, in exercise 3D 
capable children may see that the 
light green strip can be thought of as 
3 white strips, and the orange strip 
as 10 white strips, so the length of 
the light green strip is 75 when the 








| ee 
ee 





Ee Co Te oa ee 





Using the Ideas 






| | | 
wie | 


Jie J ae 
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orange strip is the unit that is being 
considered. 


Assignments (page 11) 
Minimum: 1-2C. Average: 
Maximum: 1-3. 


123C: 


Follow-up 

To provide children with practice in 
using fractional parts of a metre, 
suggest that they find objects in the 
classroom which they think are less 
than one metre in length. Then give 
the measure as a fractional part of 
a metre. They might try to measure 
such items as a softball using string 
to measure around it. 


1] 


PAGES 12-13 
Objective 

Given a centimetre ruler, the child 
will be able to measure appropriate 
objects to the nearest centimetre or 
to the nearest half centimetre. 


Preparation 
Materials 
centimetre ruler 

Depending on how well the chil- 
dren understood the previous lesson, 
you might choose to review halves 
and fourths, particularly as treated 
with the strips. For example, show 
the brown strip as the unit, the 
purple strip as one half, and the red 
strip as one fourth. Spend only a few 
minutes on such a review. Also, be 
sure that each child has a centi- 
metre ruler. 


Investigation 

Since the child’s main activity in 
this investigation is drawing line 
segments using fractional parts of 
the unit of measure, it would be 
helpful to read the initial question 
together. Ask volunteers to give the 
lengths of the illustrated segments. 
When the half and unit of the centi- 
metre are identified, direct the 
children to proceed to the challenge 
question and draw the line segments 
on their own. If some finish quickly, 
suggest that they draw line segments 
of other lengths that you write on 
the chalkboard. Ask the children 
to be sure to label the length of 
each line segment. As they work, 
move around the room and help any 
child who has difficulty reading and 
using the ruler. 


W2 





centimetres long. 


[a] 35cm 


hz 


Discussion 

If possible, let the children use a 
plastic transparent ruler and an 
overhead projector to point out the 
marks on the ruler which they used 
for each segment in the investigation, 
and continue this activity for dis- 
cussion exercise 1. 

As you discuss exercise 2, instruct 
the children to line up their ruler 
with the left end of the line at the 
zero mark of the ruler. (Explain that 
this zero mark is sometimes at the 
end of the ruler and sometimes a 
short distance away from the end.) 
Suggest that they use the half-centi- 
metre mark on the ruler to help 
them decide whether the segment is 


This segment is 44 


(Read ‘‘four and one half.’’) 





Investigating the Ideas 


If the centimetre is the unit, 
how long is each segment ? 





Can you use your ruler to draw 
segments that have these lengths ? 


Bscm (6) 13cm 


Discussing the Ideas 
be 

: wee. 

A ls the length of the segment closer to 8 centimetres 

or to 82 centimetres ? How can you tell 


B The length of the segment (to the nearest of the 
marks that are one-half centimetre apart) is lll. 3¢ 


28m 


(Segment 


bot shorter than 4.75 cm. 


closer to 5 or to 6. When they decide 
that it is closer to 5, explain that we 
call it 5 cm fo the nearest centimetre. 

As you discuss exercise 3, explain 
what it means to measure to the 
nearest half centimetre. If an object 
appears to fall exactly halfway be- 
tween two units, when measuring to 
the nearest unit, some agreement 
must be made to call this either the 
next whole number of units or the 
previous whole number of units. By 
convention, we call it the next whole 
number of units. 


cause 
‘seqment is closer to the 


@ Let's use fractional numbers in measurement. 





See.) 
Investigation. 


the end of the 


markthante the 
84% em mark. 


2. What is the length of this segment to the nearest centimetre ? 
Z 

[J BZ cm 

3. Draw a segment that is longer than 43 centimetres, but whose 


length to the nearest half centimetre would be 43 cm. 
should be longer thon 4% em 


1. Draw a square that has each side 62 centimetres long. 
2. Draw a triangle with one side 43 centimetres long. 


3. 


a ls the length of the crayon closer to 9 or to 10 Po 
B The length of the crayon (to the nearest cm) islllko en 


4. 





vA The length of the black rod (to the nearest half cm) is lo cm 
sp The length of the red rod (to the nearest half cm) isk % »» 


5. Give the length of each object to the nearest half centimetre. 


ic | 


/04em 


Lem 


LL = 


6. Give the length of each object in exercise 5 to the nearest cm. 
3em Bitlem C:7ocm 
7. Give the length of each segment to the nearest centimetre. 


Ab6em (bem) B 
C bem (5% em) D 


E /3em_ (/2% em) ig 


G Gem CF em) 
/ 8 em (7% em) J 


8. Give the length of each segment in exercise 7 
to the nearest half centimetre. Answers in parentheses above. 


More practice, page A-1, Set 7 


Using the Exercises 

On page 13, you might find it neces- 
sary to guide the children through 
exercises 1 and 2. Help them recall 
that a square has all right angles and 
4 equal sides. Suggest that they use 
a corner of a tablet or crayon box 
to form the right angles. To draw the 
triangle, they should draw the 43- 
centimetre side first and then extend 
the other two sides from it. 

Assign the rest of the exercises as 
independent work. The centimetre 
is not divided into halves, fourths, 
eighths; it is divided into tenths, so 
the half-centimetre mark will be 
distinguishable as five tenths, but 
there is no “quarter-centimetre” 
mark. 


Using the Ideas 










H 
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Assignments (page 13). 


Minimum: 1-5. Average: 1-7. 


Maximum: 1-9. 





Mathematics 
The fact that all measurement of 
physical objects is subject to error 
leads us to an understanding of the 
need for giving measures to the near- 
est unit or fraction of a unit. For 
example, if the length of an object, 
to the nearest unit, is 5, this simply 
means that the true length is between 
45 and 53 units. If the length of an 
object is reported as 23 cm to 
the nearest half centimetre, than the 
true length of the object must be be- 
tween 27 cm and 22 cm. In other 
words, the maximum error is always 
one half of the smallest unit used 
in the measurement process. 
Follow-up 
The children would benefit from 
further opportunity to make meas- 
urements to the nearest unit and the 
nearest half unit. Have two or three 
children work together and measure 
objects around the classroom, re- 
cording their measurements for each 
item. You might supply other 
material for them to measure, such 
as pieces of colored yarn or string, 
shoelaces, strips of paper, and pen- 
cils. The list of items and _ their 
measurements might then be dis- 
played around the classroom. 

Resources for Active Learning 

Applied Mathematics Cards, Group 
1/4—6, Schofield and Sims. [Meas- 
uring to the nearest unit] (Avail- 
able from Mafex Associates, Wil- 
lowdale) 

Developmental Math Cards, ‘Frac- 
tions and Weight,”’ H?2, Addison- 
Wesley. 

Franklin Series: Learning About 
Measurement, pp. 8-10, Lyons and 
Carnahan. (Available from Mc- 
Graw-Hill Ryerson) 


Workbook, page 3 
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PAGES 14-15 
Objective 
Given a closed figure, the child 
will be able to estimate or measure 
its perimeter. 
Preparation 
Materials 
centimetre ruler; string (at least 
1 metre for every 2 children) 
No specific preparation is neces- 
sary for this lesson. However, you 
might spend just a few minutes 
speaking about investigations in 
general.. For example, remind the 
children that in an investigation they 
should always keep in mind the basic 
question they are being asked and 
they should always record their re- 
sults in some manner. 


Investigation 

In this investigation, the children are 
to use simple tools (string and ruler) 
to find perimeters of some objects in 
their classroom. Before they begin, 
stress the importance of keeping a 
record of the results. You might 
write the names of suitable objects 
on the chalkboard so that they can 
list the items they measure and 
record the distances they find for 
each. Have the children work as 
partners or in groups of three. Let 
them discover for themselves that 
they can wrap the string around the 
object and then measure the length 
of the string used. You might ask 
them to find the distance around at 
least three objects. You might make 
a rule that only one group can 
measure the same object at the same 
time. It would also be helpful to 
have as many suitable objects avail- 
able as possible, such as a large 
juice can, boxes of various sizes, a 
large milk carton, a dictionary, an 
encyclopedia, etc. 


14 


your waist 


iaew 


6? 40) 
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Discussion 

As the children are measuring ob- 
jects, write the word perimeter on 
the chalkboard. When several have 
measured the perimeter of three or 
four objects, direct attention to the 
text. Teach the word perimeter. 


Then, as you suggest that the chil- 


dren compare the lengths of the 
perimeters that they measured, en- 


courage them to use the word perim-. 


eter in their discussion. 

As you discuss exercise 1, have 
children make several string rec- 
tangles of perimeter 72 cm on the 
bulletin board. For each rectangle, 
have someone pin the string in 
position so that it can be compared 





Can you use a piece of string 


and your ruler to find the distance 


around some objects in your classroom ? 
Answers will vary: See Investigation. 


The distance around a figure is called the perimeter. 


@ Let's explore the idea of perimeter. 


Investigating the Ideas 


The red paths below suggest the distance around: 


a desk 


your 





Discussing the Ideas 


See 


5? 6? (9?) 


15? 





to another rectangle. The children 
can use the 72 cm length to make 
several other figures for exercise 1C 
(triangles, parallelograms, etc.). 

In exercise 2, although the chil- 
dren might check their estimates by 
measuring the sides with a centi- 
metre ruler, they should first choose 
an estimate for each perimeter by 
making a careful guess for each 
figure. 





the pencil 
sharpener 


Record 


findings. 


Discussion. 


How can you make a string rectangle on your bulletin 

board that has a perimeter of 72 centimetres ? 

B Can you make string rectangles of different shapes, 
each having a perimeter of 72 cm ? 

c What other figures can you make with perimeter 72 cm ? 


2. Think about the string around each figure. Choose the best 
estimate for the perimeter of each figure. Explain your choice. 


15? 





5? 40? 


Resources for Active Learning 

Developmental Math Cards, H?20, 
Addison-Wesley. 

Nuffield Project: Beginnings 1, pp. 
74-81, Wiley. [Introductory ac- 
tivities for studying perimeter] 

Mathex: Measurement No. 10, 
“Perimeter of Irregular Shapes,” 
p. 7 (pupil page 23), Encyclopae- 
dia Britannica Publications Ltd. 


Using the Ideas 


Think about measuring the red string that is wrapped around 
each figure. Without measuring, tell which figure, a ors, 
has the greater perimeter. Can you explain why ? 
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Using the Exercises 

It would be appropriate to treat 
the exercises on page 15 as a basis 
for discussion. Notice that an esti- 
mate for each perimeter is to be 
given; that is, the children are to 
make a judgment without measuring. 
If some doubt the decision of the 
majority, have them use centimetre 
rulers to determine for themselves 
which figures have the greater 
perimeter. 


Assignments (page 15) 
Minimum: 1-3, oral. 
Average: 1-3, oral. Maximum 1-3. 
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PAGES 16-17 
Objective 

Given a polygon, the child will be 
able to find its perimeter by measuring 
the length of its sides. 


Preparation 
Materials 
centimetre ruler 

To prepare for this lesson, write 
the word perimeter on the chalk- 
board and have some children ex- 
plain the meaning of the word and 
how they found perimeters of various 
objects in the previous lesson. How- 
ever, keep such a review short and 
move quickly to the investigation. 


Investigation 

In the previous investigation, chil- 
dren studied the concept of perim- 
eter. In this investigation, children 
explore how to measure the perim- 
eter of a figure. After you read the 
directions with them, direct the 
children to work independently. Re- 
mind them to record their results, 
giving the measure of the perimeter 
of each figure. If a child finishes 
measuring quickly, ask him to draw 
other figures and measure their 
perimeters. You might even challenge 
capable children to seek a shortcut 
when measuring the perimeter of 
squares and rectangles. 


16 





in this way. 
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Discussion 
In discussion exercise 1, children are 
given an opportunity to check the 
method they used in the investiga- 
tion. Observe with them that each 
of the three sides of the triangle is 
measured and then the three lengths 
are added to obtain the perimeter. 
Encourage children to explain how 
they found the perimeters of figures 
B and C in the investigation. It 
would be helpful to use the overhead 
projector or chalkboard to demon- 
strate finding the perimeters of other 
figures. 

If you think the children would 
benefit from further discussion, have 
them measure the perimeters of the 


Investigating the Ideas 


We could measure the perimeter 
of triangle RST easily if we could 
bend our ruler, like string, 


@ How can we find perimeter by measuring? 






Can you figure out a way to use only your centimetre 
ruler, without bending it, to measure the perimeter 
of each figure above ? See Investigation and Discussion. 





Discussing the Ideas 


1. These pictures show how to measure the perimeter of 


triangle RST. Can you explain them ? What is the perimeter ?9<m 
See Discussion. 


[a] R 
A 
2. How did you find the perimeters of 


figures B and c in the Investigation ? 
Sample answer: By measuring each side 
and tn 





A 


figures on page 15 of the previous 
lesson. 


1. Use your centimetre ruler to find 


the perimeter of each rectangle. 


3. a What is the perimeter of this figure with 8 centimetre squares 22cm 


a3 


B What is the smallest 
perimeter you can get 
by rearranging these 8 
squares ? Draw a figure !2cm 
to show your answer. 


More practice, page A-2, Set 2 


Using the Exercises 

Have the children work independ- 
ently through the exercises on page 
17. When they have finished, guide 
them in checking their answers and 
allow time for discussion. You 
might wish to call the children’s 
attention to interesting comparisons 
of the perimeters of the various 
figures. For example, the “small” 
star in 2B has a perimeter more 
than half of that of the “large” 
rectangle in 1B. It is also note- 
worthy that the irregularly shaped 
figure in 3A has the greatest perim- 
eter of all the illustrated figures, yet 
the shaded area is obviously less 
than that of the large rectangles. 
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Using the Ideas 








If time permits, you might have 
volunteers display on the chalkboard 
some of the rectangles with perimeter 
of 36 that they found for the Think 
problem. Possible dimensions are 
16 Mie, 2K 16,93) Kee 14 KTS 
53X13 6912, c) X11 38 KO gand 
D9: 


Assignments (page 17) 
Minimum: 1. Average: 1-2. 
Maximum: 1-3. 


Follow-up 
To provide the children with inter- 
esting practice in finding perimeters, 
have them trace outlines of various 
objects on large pieces of paper and 
then measure the perimeter of each. 
You might limit the objects to those 
which will be straight-lined figures 
measurable with a ruler, or you 
might let children include objects 
with curved outlines as well and 
challenge them to find the perimeter 
of these also. (For these, they might 
use String, as they did for the investi- 
gation on page 14.) To create such 
figures, they might trace their hands, 
feet, or shoes as well as items of 
classroom equipment. 

Resources for Active Learning 

Applied Mathematics Cards, “‘Shapes 
——Perimeters, ~Oroup, 1/20, 29. 
Schofield and Sims. (Available 
from Mafex Associates, Willow- 
dale) 

Mathex: Measurement No. 10, 
“Perimeter of Regular Figures,” 
p. 7 (pupil page 23); “Shapes and 
Pencils,” pupil page 9, Encyclo- 
paedia Britannica Publications Ltd. 


Duplicator Masters, page 1 
Workbook, page 4 
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PAGES 18-19 
Objective 

Given a scale drawing, the child 
will be able to find the distances 
represented on the map. 


Preparation 
Materials 
centimetre ruler 

To prepare for this lesson, you 
might write the word scale on the 
chalkboard and ask children to show 
what the word means by using it in 
a sentence. The scale most familiar 
to the children will probably be the 
weight scale, which they may have 
used either for purchasing groceries 
or for weighing themselves. If chil- 
dren use the word scale in reference 
to scale drawing, direct them to the 
investigation; otherwise, first explain 
that they will find a new use for the 
word scale in the investigation for 
this lesson. 


Investigation 

If children understand the informa- 
tion given in the scale, they need 
only to measure the centimetres and 
substitute kilometres for  centi- 
metres for each distance. If the con- 
cept of scale drawing seems difficult 
for them, encourage them to study 
more carefully the chart which ex- 
plains what each centimetre repre- 
sents. For those who finish quickly, 
write another scale on the chalk- 
board and see if they can answer the 
same question for it. For example, 
write: What are the actual distances 
if each centimetre on the map re- 
presents a distance of 2 km? of 5 km? 


18 





+ EF 


lak 
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Discussion 
Since the scale matches each centi- 
metre with one kilometre, children 
need only to substitute the unit kilo- 
metre for every measurement they 
made in centimetres. Point out that 
this means that every fractional part 
of a centimetre corresponds to that 
same fractional part of a kilometre. 
Thus in discussion exercise 3, since 
the shopping centre is 4 cm from the 
lodge, the actual distance between 
the two places is 4 km. Starred 
exercise 5 develops this same con- 
cept. 

Depending on the ability of the 
children, have them consider what 
the actual distances would be if 


Me, 


Can you find the number of kilometres 


between any two places shown on this map ? 


@ How can we find distances on maps by measuring? 


Investigating the Ideas 


“ 






POST 
OFFICE,... 















Discussing the Ideas 


1. Explain how you used the scale to help you find 
the distances on the map. 


2. If you went from the school to the post office and then 
to the shopping centre, how many kilometres would you go ? 72 km 


3. How many kilometres, to the nearest half kilometre, is it from 
the lodge to the shopping centre ? 4km 


4. About how far is it around the lake ? 19km 


. If you went across the lake in a boat from the lodge 
to the post office, about how many kilometres (to the nearest 
half kilometre) would you go ? 6km 


every centimetre on the map repre- 
sented 2 kilometres; in this case, 
one half centimetre would represent 
1 kilometre. Extend this discussion 
according to the children’s interest 
and ability. 








SHOPPING 
CENTRE 


K 
Pa 4Km 
7% Km 


eVillage 


LODGE 


Record your 
findings. 






When Dan was digging a hole to plant a tree, 


A Buried-treasure Map 


he found this map in a metal box. Answer the 
questions. Measure to the nearest centimetre. 


1. How many kilometres from 


* 5. 


* 6. 


a Alligator Rock to Shipwreck Beach ?2um 
B the cliff to the treasure ?7km 
c the cave to Lookout Hill ?iokm & the cliff to the cave ?5km 


(Just under &Km as the crow flies ) 


Which is shorter, to go from Dead Man's Cliff straight to the 
treasure or to go from Dead Man's Cliff past Lookout 


Hill to the treasure ? How many kilometres shorter ? 
3km shorter to go straight from the cliff to the treasure 


How far must a crow fly to go from Alligator Rock straight 


to the treasure ? About iskm 


Which is shorter, to go from the cliff past the beach to Alligator 
Rock or to go from the cliff past Jewel Cave to 
Alligator Rock ? How many kilometres shorter ? 


1Km shorter by way of the beach 


If you start at Alligator Rock, which is the shortest path 


to the treasure ? How man 
the rock to the beach 


From 


to tne treasure —-i8km 


Using the Exercises 

The scale on the map on page 19 
involves no concept more difficult 
than that studied for the map on 
page 18. Assign these exercises as 
independent work. Besides using the 
scale, the children must also make 
comparisons between various paths, 
so you should allow time for discus- 
sion when they have finished. 





pb Lookout Hill to the treasure ?5km 


kilometres is it ? 
tne cliff to the treasure - |14Km 


What is the longest way from Alligator Rock to the treasure If you 


always use a path that takes you closer to the treasure ? 
From the rock tothe cave to the cliff to the hill 


Using the Ideas 
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Assignments (page 19) 


Minimum: 1-4, oral. Average: 1-4. 


Maximum: 1-6. 





Follow-up 
Suggest to interested children that 
they make a scale drawing of their 
own, such as a treasure map, a dia- 
gram for a game, or a vacation-trip 
map. Or they might prefer to copy 
another drawing by using tracing 
paper with a grid and figuring out 
the scale. 

Resources for Active Learning 

Nuffield Project: Problems—Green 
Set, No. 4, Wiley. [Finding the 
shortest path] 

Franklin Series: Learning About 
Measurement, “Map and _ Scale 
Drawing,” pp. 49-53, Lyons and 
Carnahan. (Available from Mc- 
Graw-Hill Ryerson) 

Math Activity Cards, “Map Scales,” 
B26, Macmillan. 
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PAGES 20-21 
Objective 


Given a plane region and a unit of @ Can you count squares to find area? 





area, the child will be able to find the 

area of the region. 

Preparation 

Materials 
scissors; duplicated grid of l-cm 
squares or graph paper with l-cm 
grid, at least one sheet per child 


If you think it necessary, review 
with the children the idea that a 
square is a four-sided polygon in 
which all sides have equal length and 
all angles are right angles. If possible, 
prepare a duplicating master of a 1- 
cm grid and run off several copies. 
One sheet per child should be suffici- 
ent for this lesson. As an alternative 
you could use commercial graph 
paper with |-cm grid. 
Investigation 
Stress with the children that they 
should first guess the number of one- 
centimetre squares they would need 
to cover the front of their book. Then 
encourage them to try as many ways 
as possible to find the number 
needed. For example, each child can 
place his book on l-cm grid paper 
and trace around it on the paper. 
Then he can count the number of 
squares in the area which the book 
covered. This same method can be 
adapted for finding areas of other 
objects by having the children trace 
the outline of an object on newsprint 
and then cut out the outline on the 
newsprint and count how many 
squares on grid paper it covers. 
Suggest a variety of objects for 
children to measure in this manner, 
such as odd-sized books and maga- 
zines, crayon boxes, and the like. 

Other children may want to cut 
out individual one-cm squares and 
place them on top of their book. As 
children try different methods, do 
not show a preference for one 
method, but praise any reasonable 
ingenuity. No matter which method 
the children use, stress the impor- 
tance of guessing the number of 
squares in an area before actually 
counting. Also, remind the children 
to keep a record of the object, their 
guess, and the number of squares 
they count. 
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front of your book. 


p> 


See Discussion. 
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Discussion 


Extend the discussion of exercise 1 
to include other objects the children 
investigated. Stress the idea that 
the centimetre square is the unit of 
area and that in giving the number 
of squares which cover an area, they 
must speak of centimetres or square 
centimetres. 

Exercise 2 reviews the concept of 
counting units to find the measure- 
ment of something. 

In exercise 3, the children may 
recognize that each of the two 
triangles within the shaded triangle 
is one-half unit, so together they 
make one unit. Some children may 
observe that the entire square is 4 


graph paper to check your guess ? 








Guess how many one-centimetre squares it would take to cover the 





Can you find a way to use one-cm 





Discussing the Ideas 


1. The number of squares it takes to cover a region is 
called the area of the region. The square is called 
the unit of area. What is the area of the cover of Ache 
your book if the one-centimetre square is the unit 245% <m* 


2. If the unit of area is this square ad what is the area 
of each of these figures ? (The red lines may help you.) 


3. How can you prove that 
the area of this figure is 2 ? 


units and recognize that $ of it is 
shaded, so the shaded area must 
be 2. Discuss how parts of a unit 
may be added together and con- 
sidered as one unit; the children will 
need to do this when they estimate 
regions on page 21. 


a 
Investigating the Ideas | 











See Investigation. 













































Using the Exercises 
Assign the exercises on page 21 as 
independent work. Several figures in 
exercise 1 require consideration of 
triangular regions and adding them 
together to count a whole unit. 
For example, in part E, the children 
must recognize that the four tri- 
angular regions, two on each end, 
make four square units in all. Thus, 
adding the two triangular regions 
at each end of the figure to the six 
square units in the centre gives a 
total of ten square units for this 
figure. Again, encourage the children 
to arrive at their own methods for de- 
termining the area of each figure. 
Notice that parts E and F of 


Using the Ideas 





exercise 2 are designed primarily as 
challenging activities. Parts A through 
D could also prove to be difficult for 
the slow learners. However, you will 
not want to deny these children an 
opportunity to discuss ways to arrive 
at approximations for the areas of 
these regions. 


Assignments (page 21) 
Minimum: 1. Average: 1-2D. 
Maximum: 1-2. 


Mathematics 

There are several ideas basic to find- 
ing the area of plane regions that are 
involved in this lesson. The idea of 
area, which involves the selection of 
a unit of area and counting, was 
discussed in the mathematics section 
at the beginning of the chapter. The 
selection of a square region as the 
unit of area is quite arbitrary. Other 
regions could be selected, but the 
advantages of the square over regions 
of other shapes is considerable. For 
example, a circular region would be a 
poor choice for a unit of area because 
of the difficulty of completely 
covering simple polygonal regions. 


Squares, on the other sep be- 
cause of their regular properties, are 
easy to count and involve, at worst, 
problems of estimation when used 
with irregular regions. 

Another idea concerning area that 
is basic to the lesson is the notion of 
conservation of area. Intuitively, this 
means that a plane region can be 
“cut up’ and reassembled into a 
region that is a different shape with- 
out changing the area. Thus the 
area of the parallelogram shown 
below must be 3 square units since 
by moving the triangular region from 
the left side to the right side a rec- 
tangular region of area 3 square units 
is made. The area of the parallelo- 
gram is “conserved” in the rectangle. 


ALL YUL 
heme < 


Resources for Active Learning 

Developmental Math Cards, 
G28, Addison-Wesley. 

Franklin Series: Learning About 
Measurement, ‘Measuring Area,” 
pp. 20-25, Lyons and Carnahan. 
(Available from McGraw-Hill 
Rverson) 

Nuffield Project: Shape and Size 2 , 
“Covering a Surface-Area,” pp. 
61-77, Wiley. [Appropriate for the 
next two lessons as well] 

Math Activity Cards, “Area: Grid,” 
B34, 35; “Area,” C26, Macmillan. 


Nuffield Project: Problems—Green 
Set, No. 1, Wiley. 





F718, 
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PAGES 22-23 
Objective 

Given the length and width of a rec- 
tangle in whole numbers, the child will 
be able to find the area of the rectangle. 


Preparation 
Unless you think it necessary to 
review the meaning of “rectangle,” 
begin immediately with the in- 
vestigation. 


Investigation 

For this investigation, direct the 
children to work independently but, 
if you wish, allow them freedom to 
share ideas. The problems become 
progressively more difficult. For 
example, in part A the information 
is given and the entire region is 
shown. In B and C, parts of the 
regions are covered but the needed 
information is given. In D, again 
part of the region is covered, but in 
order to discourage counting, the 
children also must find for themselves 
how many rows and how many in 
each row before they can find the 
area of the entire region. 

It is not intended that children 
find and formalize a particular meth- 
od of finding area, such as that given 
by the standard formula “length 
times width equals area.’ Instead, 
encourage each child to figure out 
his own method. Some may add 
TOWs; some may multiply. It would 
be helpful for children to discuss and 
share the method they choose, but 
first they should spend time in- 
dependently searching for a way to 
find the area. 


aD 


Investigating the Ideas 





— unit of length 


[a] & 


4 in each row 


Can you find the area of each rectangle 
even though part of it may be covered ? 


Discussing the Ideas 


1. Can you explain an easy way 


to find the area of a rectangle ? 


See Discussion. 


2. What else do you need to 
know before you can find 
the area of this covered 
rectangle ? How many rows 


to help you find the area 
of the rectangle ? 


man 


79 and 





Discussion 

It is important that children discuss 
the “‘easy way” they found to mea- 
sure area of a rectangle. To help each 
child participate in the discussion, 
stress that what might be an easy way 
for one, need not be so for another. 
Some may actually discover the 
standard formula, particularly as you 
discuss exercises 2 and 3, but do not 
present it formally. Children should 
be encouraged to make up their own 
rules based on the results of their 
investigation. 








3. How can you use the rulers 


ample answer: Rulers can be used ae how 


square units in each row 
ach column. 


® /s there an easy way to find the area of a rectangle? 


5 in each row 





See Investigation. 


3 in each row 








1. Give the area of each rectangle. 


5 0. Pee 
eee) = lunitsi 












D 
2859 
units 


More practice, page A-2, Set 3 


Using the Exercises 

Have the children work the exercises 
on page 23. Afterward, guide a 
discussion of the correct answers and 
the methods used for arriving at 
these answers. We emphasize again 
that we do not expect the standard 
formula for the area of a rectangle 
to be given. Rather, we expect 
children simply to think about the 
concepts and express themselves in 
their own words. 

You may want to note that in 
parts A and B of exercise 1 the idea of 
a grid is suggested, but in parts C 
and D no grid is suggested. 

Before directing the children to 
do exercise 2, be sure that all have 


Using the Ideas 
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a centimetre ruler and that all under- 
stand the directions. During the dis- 
cussion of the correct answers, you 
will need to be sure that the children 
have made the correct measurements 
before you can judge whether or not 
they understand the area concept. 
Ask those who try the Think prob- 
lem to describe the rectangles by 
giving the length and width for each. 
The possible dimensions are | X 36, 
2x 18,3 X 12,4 9, and 6 X 6. 


Assignments (page 23) 
Minimum: 1. Average: 1-2. 
Maximum: 1-2. 


Follow-up 

Challenge the more capable children 
to construct rectangles of a certain 
area for which they are given only 
area and/or the length of one side. 
For example, write on the chalkboard 
directions such as the following from 
which children can choose: 


Draw a rectangle that has 

area 10 and length 5. 

area 18 and length 6. 

area 20 and length 4. 
How many different-shaped rectangles 
can you draw that have area 12? 


Resources for Active Learning 

Freedom to Learn, pp. 9-13, Addison 
Wesley. [Area and perimeter activi- 
ties] 

Mathematics in Modules, M7, Addi- 
son-Wesley. 

Mathex: Measurement No. 10, pupil 
pages 33-34, Encyclopaedia Bri- 
tannica Publications Ltd. 
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PAGES 24-25 
Objective 

Given a region less than the unit 
area, the child will be able to give 
the area of the region as a fractional 
part of the unit. 


Preparation 
Materials 
notebook paper; scissors 

To prepare for this lesson, help 
the children see how to make a square 
from a rectangular sheet of paper. 
Guide them in folding over a top 
corner. so that the top edge lines up 
evenly with the opposite side. 


Cut along this line. 





If this is done carefully, the square 
can be cut on the line formed by the 
lower edge of the folded corner. 


Investigation 

Unless you have previously prepared 
four large squares of paper for each 
child, guide the children in cutting 
out squares from notebook paper or 
newsprint, as suggested above. Then 
read the investigation question with 
the class. Stress the importance of 
having each part equal in size. This 
challenge is suitable for independent 
work, although the children would 
benefit from sharing results with one 
another. Some of the possible folds 
are shown below. 


| 
a3 Hil 
4 








You might suggest other fractional 
parts into which the squares could be 
folded, such as sixths, fifths, ninths; 
these become increasingly difficult. 
You might also ask the children to 
color fractional parts of their figures 
and use these as colorful bulletin 
board displays. 


24 





region is 4. 


region ? % 





Discussion 

Encourage children to show and dis- 
cuss the results of the folding activity. 
Where possible, use examples from 
the children’s squares to develop 
further the explanations in this sec- 
tion. It would be helpful to use 
demonstration squares and show re- 
gions to describe other fractions. In 
your discussion, associate the phrase 
““____of____parts”’ with the fraction 
corresponding to it. 

In exercise 1, help the children 
realize that they must count or know 
the number of parts into which the 
unit has been divided before they can 
name the fractional part of the area. 

Exercise 2 might be a challenge to 


Cut four large squares from four 
sheets of notebook paper. 


The red region is 1 of 2 parts needed 
to match the unit. The area of the red 
region is the fractional number 3. 


The blue region is 1 of 4 parts needed 
to match the unit. The area of the blue 


Investigating the Ideas 





Can you fold a square so that when you count 
parts of the same size you find4? 8? 16? 3? 





Discussing the Ideas 


ad 

I 

I 

l 

| 

| 

ey 

Saar eres | 

I 

y 

| | | 
| | | 
a= 


1. a Can you give the area of the green region ? 4 
B What do you think is the area of the pink 


some children, so be sure to spend 
sufficient time discussing it. Some 
children should realize that the unit 
square needed may be drawn by 
using their paper square as a model 
four times. 





® Do we need fractional numbers to measure area? 





See. A 
Investigation. 


2. Draw a unit square on the chalkboard so that the paper 


square you used in the Investigation has area }. 


(Sides of the square drawn should be twice the len 
24 of the sides ofthe Square used in the ricetination 


Give the missing numbers. 


a The purple region is 
__? | of _?2 parts needed 
to match the unit. The 
area of the region is __ 22. 


B The green region is __? | of __?_> parts 


needed to match the unit. 
Its area is __ ?73. 


c The red region is __?_! of __? 4 parts 


needed to match the unit. 
Its area is __ 24. 


p The blue region is __ ? = of __? 
parts needed to match the unit. 
Its area is _? 74, 





1. The unit of area for each part is shown at the right. 


2. Find the area of each figure. Th 





= alee waa 
fi 
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Using the Ideas 








| © |7% 








is ‘a is the unit. 




















Using the Exercises 

You may choose to use the exercises 
on page 25 as a basis for further 
discussion, or you may assign them 
as independent work. In exercise 2, 
children must closely examine the 
parts of regions that fill only frac- 
tional parts of the unit area. In 
starred exercise 2G, they should think 
of two triangular halves as one unit. 
Then they will also have to think of 
one triangular half as two fourths in 
order to add it to the small triangular 
region that is one fourth. Some may 
give 6 + 4 + } as the answer. 








Assignments (page 25)* 
Minimum: 1-2F. Average: 1-2F. 
Maximum: 1-2. 





Follow-up 
The children would benefit from 
using their folded squares to find the 
area of such classroom surfaces as the 
bulletin boards, chalkboard, floor, 
and door. When their large square 
does not fit exactly, they will have 
to estimate the fractional part of a 
unit. In this case their unit would be 
the nonstandard square which they 
previously cut out and folded. 
Resources for Active Learning 
Inquiry in Mathematics via the Geo- 
board. ‘“‘Area,’”’ Geo-cards 11-5; 
12-4; 13-3, Walker. (Available 
from Fitzhenry and Whiteside) 
Mathex: Measurement No. 10,“‘Area 
with a Geo-board,” pupil page 44, 
Encyclopaedia Britannica Publica- 
tions Ltd. 


Duplicator Masters, page 2 
Workbook, page 5 
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PAGES 26-27 
Objective 

Given three-dimensional or pic- 
torial representations of rectangular 
prisms and a unit of volume, the child 
will be able to find the volume of the 
prism by counting the number of unit 
cubes contained in it. 


Preparation 
Materials 
sugar cubes or blocks (or materials 
for constructing cubes); empty 
boxes of various sizes 
To introduce this lesson, exhibit 
boxes of different sizes and a cube. 
Point out the six faces on each as well 
as their shape and position. Have the 
children note that the faces of the cube 
are square. Explain that this is true 
for every cube. With this background 
and the manipulative experiences of 
the investigation, the children should 
subsequently be able to imagine 
cubes from pictorial representation. 


Investigation 

If an ample supply of sugar cubes, 
blocks, or other uniform-size repre- 
sentations of cubes is available, 
divide the class into small groups 
and direct them to work together 
to find the volumes of containers 
like those suggested in the investiga- 
tion. If not enough cubes are avail- 
able, provide the children with 
duplicated patterns which they can 
cut out and use to construct their 
own cubes. Make the pattern rela- 
tively small (about 2 or 3 cm per 
edge) so that measurement of small 
containers will not be too awkward. 
Guide the children in proper folding 
and fastening of the edges (with 
paste or tape) so that their cubes 
will be reasonably uniform in size. 
Tabs 





When an adequate number of 
cubes has been provided, allow the 
groups of children to work inde- 
pendently to find the volumes of a 
variety of boxes. Remind them to 
keep a record of each measure they 
find. At present, they should measure 
only in terms of whole units. 


26 





A@ 
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Discussion 

As you discuss exercise 1, encourage 
children to share not only their 
findings in the investigation but also 
the methods they used. 

For parts D and E of exercise 2, 
it would be helpful to use clay or 
“play dough” to show halves of cubes 
cut as illustrated in the text. 

Throughout the discussion of both 
pages of this lesson, stress the dif- 
ferent methods which may be used 
to find the volume of the pictured 
objects. Some children may count 
discrete objects; others may count 
layers and add them; still others may 
count stacks and add them. Some 
capable children may see that the 





@ Can you count cubes to find volume? 


Investigating the Ideas 


Choose or make several cubes that are the same size. 


Can you work with some classmates to find about 
how many of the cubes (neatly stacked) it takes 
to fill a box like one of these ? See Investigation. 





Discussing the Ideas 


1. The number of cubes it takes to fill a space is called the 
volume of the space. The cube is the unit of volume. 
What is the volume of each of the boxes you used in the 
Investigation ? Answers will vary. 


2: lf hiss the unit, what is the volume of each figure ? 


aA 


B7 








layers are rectangles and that the 
cubes are built on the area of the 
base, and thus realize that they can 
apply multiplication. The important 
point here is for children to develop 
a general intuitive grasp of volume 
concepts. Do not stress, or even tell 
children, the formula for finding 
volume. Here their discovery of the 
various concepts behind the volume 
formula is sufficient. 





1. Find the volume of each figure. 


r 





2. How many ice cubes would 42>, 


you have if you emptied 
all four of these full 
trays ? 48 


3. Find the volume of each figure even though parts of the 


figures are covered. 








B c 
24 36 
5 layers 
4 layers 





More practice, page A-3, Set 4 


Using the Exercises 

Have the children work indepen- 
dently through the exercises on page 
27. When they have finished, allow 
adequate time for discussing the 
correct solutions. In exercise 1, help 
the children see that in parts B and C 
they must also consider half units. 
Encourage the children to observe 
that two of these half units make one 
full unit. 

In exercise 3, parts A through F, 
notice with the children that as the 
exercise progresses, less and less in- 
formation (in the form of countable 
units) is given, until, in part F, only 
the measurements of the three edges 
are given. 











Using the Ideas 


6 layers 


ay, 


Assignments (page 27)* 


Minimum: 1-3E. Average: 1-3E. 


Maximum: 1-3. 





Resources for Active Learning 

Developmental Math Cards, H?15, 
F*7, Addison-Wesley. [Another 
way to think about volume] 

Franklin Series: Learning About 
Measurement, “Volume,” pp. 54- 
59; Lyons and Carnahan. (Avail- 
able from McGraw-Hill Ryerson) 

Mathex: Measurement No. 10, 
“Cubic Measure,” pp. 19-21, En- 
cyclopaedia Britannica Publica- 
tions Ltd. 

Nuffield Project: Problems—Green 
Set, No. 27, Wiley. 

Nuffield Project: Shape and Size 2, 
“Volume and Capacity,” pp. 16- 
23; five illustrations of children’s 
activities, pp. 27-31, Wiley. 


Duplicator Masters, page 3 
Workbook, page 6 
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PAGES 28-29 
Objective 

Given a small unit of liquid measure 
and a larger unit of liquid measure, 
the child will be able to find the 
number of smaller units that are 
equivalent to the larger unit of 
measure. 


Preparation 

Materials 

cardboard; sticky tape; scissors; 
water or sand (to measure vol- 
ume); uniform-size blocks or 
sugar cubes; various sizes of con- 
tainers up to 1 litre 
To prepare for the investigation, 

put distinct labels on the containers 

and display them. 


Investigation 
To minimize the quantity of con- 
tainers needed for the investigation, 
have the children work in groups of 
three or four. 

Even though they are working in 
groups, each child should keep an 
individual record of his findings. 
They could do this in the form of a 
chart, for example. 

Instruct each group to cut the 
following pattern from cardboard, 
after you have drawn it on the 
board. The sides can then be taped 
up to make a box of side 10 units, 
where one unit is the size of the 
cubes they are using. 


\OUNITS 






10 UNITS IQ UNITS 





If centimetre blocks are not avail- 
able, you will have to remind them 
of the idea of a scale developed 
earlier, so that they can correlate 
their results with the illustrated 10- 
centimetre cube. 


28 





@ What are some units for liquid measure? 


Investigating the Ideas 


A litre is the unit used for liquid measure. 


A box 10 centimetres on each edge 
holds about 1 litre. How many blocks 1 
centimetre on each edge would the litre 
box hold? 1000 





10 cm] 


ee §610cm 
10cm 1 cm 


one 


A millilitre is a much smaller unit used for liquid 
measure. It takes one thousand millilitres to make a 
litre. 


What size cube would yoy need to 


hold a millilitre of liquid? 


One that On each edge. 





Discussing the Ideas 


1. If arecipe calls for 1% litres of milk and you have 
1500 millilitres, do you have enough for the recipe? yes 


2. If ajug holds a litre of syrup and it is % full, how 
many more millilitres must be added to fill it?250 mi 


3. The volume of a container is 900 cubic centimetres. 
Will it hold a litre of water? No 


28 


Discussion determine the answer with reason- 
The children should check their ing before demonstrating that a litre 
answers for exercise 1 by measuring, holds more than 900 cubic centi- 
and this will give an opportunity to metres. 
develop the idea that measurements 
are not exact. They should suggest 
that differences can be accounted for 
by skimping or overfilling the 
measuring containers. Also, solicit 
the idea that in some instances the 
measuring devices themselves may 
not hold the same amounts. 
For discussion exercise 2, again 
encourage the children to find the 
answer without measuring, but let 
them “prove” their answer by 
measurement if they wish. Similarly, 
for exercise 3, the children shouid 





Follow-up 

Some children may need further 

experience in working with liquid 

measure. If so, direct them to use 

the containers to check selected parts 

of exercise 1 on page 29. 

Resources for Active Learning 

Applied Mathematics Cards, ““Meas- 
uring Liquids,”’ Group 1/13, Scho- 
field and Sims. (Available trom 
Mafex Associates, Willowdale) 

Franklin Series: Learning About 
Measurement, “Liquid Measure,” 
pp. 60-65, Lyons and Carnahan. 
(Available from McGraw-Hill 
Ryerson) 

Math Activity Cards, B31, C28, 
Macmillan. [Liquid measure prob- 


Using the Ideas 


1. Give the word [millilitre(s) or litre(s)] 
that best completes each sentence. 


a Aglass holds 200 __ ?__ of milk. mitilitres 
Bs Atablespoon holds 20__ ?___ of soup. mitititres 
ec Acar’s tank holds 80 __ ?___of gasoline. \itres 


p A boy who drinks 4 big cups of cocoa drinks 
about 1 __ ?_ of cocoa. litre 

—e Aperfume bottle might hold about 15___? 

F Anengine might use 4 __ ?____ of oil. |i tres 


c Apitcher that holds 11% litres of tea 
holds 1500 __ ?_ of tea. mi thilitres 


millilitres 


2. The eaucie of a 3-litre container is 3000 


bic centimetres. Estimate (in cubic mead 
age ; Mathematics in Modules, M10, Add- 
centimetres) the volume of a milk carton ison-Wesley. 





Nuffield Project: Computation and 
structure 2, “Capacity,” pp. 33- 
41, Wiley. 


Workbook, page 7 


that holds half as much.i500 e«m? 


%* 3. Karen made a box to hold one litre. 
Tom did too. The boxes did not look 


the same. Can you explain why? 


» Be the children understand that the shape 
ee ss not important as lenq as tt helds A000 cube centimetres.) 





Zo 





Using the Exercises 
Unless the exercises on page 29 are 
likely to present reading difficulties, 
assign them as independent work. 
If necessary, read the exercises with 
the children, but let them write down 
_ the answers independently. Though 
starred exercise 3 is intended pri- 
marily as a special challenge, it 
should be included with the other 
exercises in the discussion held when 
children have completed their writ- 
ten work. 


Assignments (page 29)* 
Minimum: 1-2, oral. Average: 1-2. 
Maximum: 1|-3. 
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PAGES 30-31 
Objective 

Given a measurement which is ex- 
pressed as a combination of units 
(such as 4 metres and 119 centi- 
metres), the child will be able to re- 
group the units so that the number of 
smaller units is less than its equiv- 
alence to the larger unit (such as 5 
metres and 19 centimetres). 


Preparation 

To prepare for this lesson, direct the 
children to the Tables of Measures 
in the back of the book (page A-38). 
Have them note that equivalents 
are available from a table, but they 
should eventually be known from 
memory. 

Investigation 

Some children will benefit from mak- 
ing actual comparisons with the 
quantities indicated on the chart. 
For example, two or three children 
might pour 5 litres into as many 
containers as they need. When they 
see that one container is not com- 
pletely full they can consider ways 
of describing their quantity of 
liquid. 


30 


have? AY litres 


30 





Discussion 
During this discussion, you will 
want to allow children the oppor- 
tunity to explain the expressions of 
measurement they used in complet- 
ing the tables in the investigation. 
Then present other examples in-. 
volving units with which children are 
fairly familiar. For instance, help 
them see how 17 days may be 
thought of as 2 weeks and 3 days; 
and how 300 centimetres may be 
thought of as 3 metres. Also, present 
examples of combinations of units in 
which the number of smaller units 
may be converted into larger units, 
such as 3 h and 75 min. Help the 
children see that 3 h and 75 min is 


@ Can you write measurements in different ways? 


Investigating the Ideas 


LICRES | MILLILITRES 
Ge 


Pal food 
20900 


Use any measuring devices that might help you. 


fri 
1S00 





Can you copy each. table and give the missing numbers 
so that each row shows the same amount as the 


measurement given at the top? 





Discussing the Ideas 


1. If you are telling the height of a door that is 300 
centimetres tall, which measurement in the table 
above will you probably use?3 metres 


2. Suppose you have 6 tall glasses, each containing 
250 millilitres. How many litres of milk would you 


3. The month of May has 31 days. Explain how to 
write this using weeks and days. 4 weeks 


3 days 


4. How many 1-kilogram bags could you fill with 1037 
grams of peanuts? How many grams would be left? 


| oii 


the same as 3 h + 60 min + 15 min 
or 4h 15 min. Work through each 
problem in the text slowly to enable 
children to understand the regroup- 
ing process and to recognize that 
smaller units should be converted 
into larger units when their number 
is equal to or greater than the equiv- 
alence of the two units. 





c 1 day = Ill h 2+ 
bp 1h = [ill minco 


. Give the missing numbers. 
a 2h 75min = 3h ill min 45 
B 15min 90s = lll min 30s !6 
c 3 days 30h = 4 days Ill h 6 


s 511000mI & 


. Copy the exercises below on your paper, and give as many of the 
missing numbers as you can. Look in the Tables of Measures 
at the back of the book to find the others. 


A 100cm= Illm4 e€& 1 min = Ill sé0 
B 100m = Ill km¥c & 1000 mi = Ill 74 
6 1000 g = Ili kg4 


H 1000 kg = Ill t4 


. Change each measure so that you have the greatest number of 
the larger unit. (Example: 3 weeks 10 days —> 
a 2 days 30 h 3days Cre 3 kg 300 g3k7 30091 3m800cmiim 

F 8min 80 s9mun 20s y» Omin Ls 156 

¢ 3wk 20 days°¥i 6 3h 62min 4h 2mm K 7 wk 21 days 

pd 1m200cm3™m 


H 0/2000 ml 22 


Using the Exercises 


After the children complete exercise 


1 by using the Tables of Measures, 
you might want to work through a 
few parts of exercise 2 together. 
Starred exercise 3 is optional. 

All may try the Think problem. 
If possible, provide’ everyone with 
four heavy paper squares (about 5 
centimetres on a side) and suggest 
that they write ‘‘1 unit” on each side 
and then move the squares around 
to help them find the solution. Ex- 
cept for part D, several solutions are 
possible. 





Using the Ideas 


1 1 wk = ill days 7 
J 12mo= Mill yr4 

kK 1 yr = [ill weeks 52 
Lt 2 yr = ill days 730 


4 weeks 3 days) 


(Cw 
. 5days25h 
édays 4h 


Assignments (page 31)* 


Minimum: 1. Average: 1-2. 


Maximum: 1-3. 





Follow-up 
Encourage children to make dis- 
plays showing equivalences of dif- 
ferent units of measure. They might 
include drawn or printed pictures of 
quantities that could be measured by 
the different units. 

Suggest to others that they write 
a report describing uses of the dif- 
ferent kinds of measures found in 
the Tables of Measures. 
Solutions, Think 
Some of the possible solutions to the 
Think problem are shown below. 


a oe cH 


“oh B 


B (12) 
canes =e 
C (10) 

D (8) E (9) 
F (15) 


Resources for Active Learning 

Developmental Math Cards, F?22, 
Addison-Wesley. 

Franklin Series: Patterns and Puz- 
zles “A Timely Puzzle,” pp. 47-48, 
Lyons and Carnahan. (Available 
from McGraw-Hill Ryerson) 

Franklin Series: Learning About 
Measurement, pp. 66-84, Lyons 
and Carnahan. [Measurement of 
all kinds] (Available from Mc- 
Graw-Hill Ryerson) 

Math Activity Cards, B21, 22, 25, 
27-30; C29-31, 34, Macmillan. 
[Measuring problems] 

Nuffield Project: Problems—Green 
Set, No. 15, Wiley. [A challenging 
problem using a calendar] 
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PAGES 32-33 
Objective 

The child will demonstrate his 
ability to work with the concepts 
presented in this chapter. 


Preparation 

To prepare for this lesson, write the 
words Jength, area, and volume on 
the chalkboard. Ask volunteers to 
give a unit of measure used in find- 
ing each, and to name the kind of 
objects they might measure in terms 
of length, area, or volume. 


32 





1. Give the length of each object to the nearest centimetre. 


z a re ee jzem 










B 1ocm 


D (pe Fm 





i) 


(pe 2m 


2. Find the area and perimeter of each 
rectangle. Use the centimetre and 
square centimetre as your units. 





A B 
3. Give the volume of each 4. Estimate the area of this lake. 
figure. 1 square unit on the map means 





1 square kilometre of the lake. 


A 
B 
S: 
. How many cubes, 1 centimetre on an edge, would 
fit in this shoe box cover? 


900 


x 
eM 
eae 


30cm 


me 
icn fi 
Bhd 
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Discussion 

You may use these pages for test- 
ing or as a chapter review. If you 
use it for testing, you will want to 
evaluate the papers yourself to de- 
cide which concepts caused difficulty. 
If you are using the pages primarily 
aS a review, it is desirable to have 
the children check their own papers 
and thus recognize their mistakes 
and be able to make the proper cor- 
rections. Rather than stressing mas- 
tery of any particular skill, assist the 
children in understanding the con- 
cepts. The concepts of perimeter, 
area, and volume should be clarified 
even if the children have not mas- 
tered the skill in finding each. 





6. Do you need to find length, area, or volume 
to answer each question ? 





a How deep is the pool ? length 


sB How much water does the pool hold ? volume 


c How large a piece of plastic 
must we buy to cover the pool ? area 
p How tall is the rocket ? length 





—E How many boxes will 
the truck hold ?volume 


F What size rug shall we buy to cover the floor ? ? 


ec How high is the basket ? !ength B 


4 How much room is inside the space capsule? | 


1 How large is the canvas that 
covers the baseball diamond ?area 


s What size belt do you wear rans SD 2 








Follow-up 
To give the children more practice in 
finding lengths and areas using unit 
lengths and unit squares, draw the 
same segments and regions on dif- 
ferent grids made on duplicating 
masters. Pass these sheets out, and 
ask the children to find the measure 
of each object, first with one scale 
and then with the other. Discuss the 
relation of the units to the total 
measure and the relation of kinds of 
units to each other. 
Resources for Active Learning 
Nuffield Project: Problems—Green 
Set, No. 11, Wiley. [A challenging 
problem] 


Workbook, page 8 
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CHAPTER 2 
Pages 34-57 


General Objectives 
To provide a thorough understanding 
of place-value concepts 
To provide practice in working with 
hundreds, thousands, and millions 
To introduce billions and trillions 
To review and extend work with in- 
equalities 
A clear understanding of place value 
is one of the most important objec- 
tives in the Investigating School 
Mathematics program. If the children 
lack this knowledge, it is not likely 
that they will comprehend the algo- 
rithms of arithmetic and decimal 
notation. For this reason, we have 
treated place value carefully in the 
earlier books of the series and follow 
it up in this book and throughout 
the remaining books in the Investi- 
gating School Mathematics series. 
To remind children of the basic 
ideas of place value, Chapter 2 be- 
gins by reviewing the idea of group- 
ing by tens and of using 2-digit 
numerals. Concepts of hundreds and 
thousands are reintroduced and care- 
fully explored. Then, the children 
are given many opportunities to 
work with place value by identifying 
the number a given digit represents 
and by working with inequalities. 
At this time, we do not teach the 
meaning of individual places in the 
place-value system beyond the thou- 
sands’ place. For 5- and 6-digit 
numerals, we simply point out that 
the three digits in the fourth, fifth, 
and sixth places name the number of 
thousands. Naming groups of three 
places called periods makes it easier 
for children to read large numbers. 
In this way, they learn that the 
digits in the third group to the left 
of the decimal point, the seventh, 
eighth, and ninth places, tell the 
number of millions. Learning to read 
large numbers is more important 
than concentrating on each individ- 
ual place after the fourth, or thou- 
sands’, place. The more able children 
may recognize that the fifth place is 


T33A 


Numbers and Numerals 


the ten-thousands’ place and so on, 
but it is not necessary to stress this 
point in their work. 

Following the introduction of mil- 
lions, the children work with large 
numbers in contexts especially de- 
signed to stimulate and maintain 
their interest. 

Mathematics 

The digits are the symbols 0, 1, 2, 
3, 4, 5, 6, 7, 8, and 9. A numeral is 
any symbol that stands for a number. 
Thus, the symbol 4 is both a digit 
and a numeral. The symbol 57 con- 
sists of two digits, and it is a numeral 
for the number fifty-seven. 

Correct usage of the words num- 
ber, numeral, and digit is often quite 
awkward. For example, you might 
ask a child to write the “number” 
1486, or you might refer to 1486 as 
a “four-digit number.” Technically, 
these are abuses of the language, 
because the number cannot be writ- 
ten and the number does not have 
four digits. You write the symbol, or 
the numeral, for the number; and it 
is the symbol, or the numeral, which 
has four digits. However, both of the 
preceding expressions are acceptable, 
since children will understand that 
when you say “write the number,” 
you mean for them to write the 
symbol for the number and that 
when you call it a “4-digit number,” 
you are referring to the symbol for 
the number. But there are certain 
abuses of the number-numeral ter- 
minology which are objectionable 
and may confuse the children. For 
example, you should not ask the 
children to perform operations on 
digits or numerals. Emphasize that 
we add numbers, but we write digits 
and numerals. 

The most important thing to re- 
member about number-numeral ter- 
minology is to keep your language 
simple so that it has meaning to the 
children. Whenever you are uncer- 
tain whether to say number or 
numeral, say number, and avoid 


making an issue of these words. If a 
child points to a symbol, or numeral, 
and calls it a number, do not criti- 
cize his remark. Children have an 
intuitive grasp of the difference be- 
tween number and numeral, and a 
lengthy discussion may serve only to 
confuse what was previously clear. 

When we write the numeral 4357, 
the digits 4, 3, 5, and 7 stand for 
4000, 300, 50, and 7, respectively. 
This illustrates an important prop- 
erty of our numeration system: place 
value. Place value means that the 
number a digit represents depends on 
the digit’s place in the numeral. 

Another property, which simpli- 
fies our calculations and makes it 
easy to learn arithmetic, is that we 
can represent any number by using 
only ten symbols, 0, 1, 2, 3, 4, 5, 6, 7, 
8, and 9. Each digit used by itself 
represents a single number; it is only 
when we write symbols for numbers 
greater than nine that a given digit 
may stand for two or more numbers. 
Thus, in 636, one 6 stands for 600 
and the other stands for 6. 

The place-value scheme that we 
use has a base of ten, which means 
that we group by tens. That is, 
given a collection of objects, we 
might ask how many disjoint sets 
(sets that have no common elements) 
of ten can be formed. Consider the 
collection of dots shown in the illus- 
tration; we see that there are 3 sets 
of ten, and 8 left over. 





The importance of place value be- 
comes evident when we attempt to 
write a numeral for the illustrated 
number of dots. Instead of writing 
“3 groups of ten, and 8 more,” we 
simply write “38” and agree that the 
digit in the ‘“‘second place’ (3 in this 


case) is to represent groups of ten. 


When we work with larger num- 
bers, we group the sets of 10 by tens. 
Then we call each group of 10 tens 
one hundred. For the set of objects 
grouped as 5 groups of one hundred, 
3 groups of ten, and 7 more, we 
write 537. 


Teaching the Chapter 


Materials 

Atlases 

Auto and camper ads from the 
newspaper, or catalogues 

Books, five different sizes 

Base-ten blocks in units, rods of 10 
units, layers of 10 rods, and blocks 
of 10 layers (Sugar cubes may be 
attached to one another with 
white glue to make such blocks.) 

Calendars 

Checkers (at least 10) 

Encylopedia 

Eyedropper 

Index cards, small (1 per child) 

Magazines 

Mail-order catalogues 

Paper bags, nine small, nine me- 
dium, nine large (for demonstra- 


tions) 
Rice, corn kernels, peas, beans, 
jellybeans, or substitutes 
Scissors 
Tape measure or metre stick 
Tennis ball or handball 
World Almanac 
Vocabulary 
century millenium _ place value 
decade million set 
digit numeral thousand 
hundred _ period 


If children have previously used 
base-ten arithmetic blocks, such as 
those illustrated in the lesson on 
page 34 (or others like them), they 
will probably be able to work from 
pictorial representations in the text. 
Many children who are familiar with 
the centimetre strips will be able to 
apply their understanding to the 
blocks. Demonstrations will help de- 
velop understanding of place value, 
particularly for children who have 
had physical activity with blocks, but 


they will not replace actual manipula- 
tion of blocks by the child himself. 

In this chapter the children should 
become accustomed to distinguish- 
ing between the words digit and 
numeral. They ‘should realize that 
when you talk about a digit you 
mean one of the symbols 0, 1, 2, 3, 
4, 5, 6, 7, 8, and 9 and that when 
you talk about a numeral you mean 
any symbol, or combination of sym- 
bols, that stands for a number. 

In the lessons covering numerals 
having more than four digits, the 
vocabulary problem increases. It is 
not easy for children at this level to 
read numerals naming large numbers 
unless you stress that the three digits 
in the fourth, fifth, and sixth places 
to the left of the decimal point name 
the thousands, and that the three 
digits in the seventh, eighth, and 
ninth places name the millions. The 
children should then find that read- 
ing numerals with four to nine digits 
is no more difficult than reading 
hundreds. They only need to recog- 
nize whether the number is in the 
millions or the thousands. 

Although all the children may not 
master reading large numerals, all 
of them should understand elemen- 
tary place-value concepts. 


Lesson Schedule 

The time the children should spend 
on this chapter will depend primarily 
on their background. If they have 
used this series prior to beginning 
Book 4, they will be able to cover 
this chapter in two weeks, but if 
necessary, allow two-and-a-half to 
three weeks. 


Evaluation of Progress 
The chapter review on page 56 should 
serve as a measure for evaluating 
the children’s progress. The ability 
to recognize place value in 2- and 
3-digit numerals is one of the most 
important skills to evaluate in this 
chapter. 

There are many lessons containing 
review material on place value 


throughout the text. Children who 

need more practice on the ideas 

presented in this chapter will have 
an opportunity to attain better 
understanding of them as they move 

through Book 4. 

Although the pages of word prob- 
lems provide stimulating opportuni- 
ties for working with large numbers, 
do not expect all the children to be 
able to work all the problems. You 
may choose to treat some of the 
pages of word problems as a class- 
discussion activity. However, let stu- 
dents who are oriented toward 
working independently explore the 
problems by themselves prior to the 
class discussion. 

Resources for Active Learning 

GENERAL ACTIVITIES 

Chip Trading Activities, Set 1, Sigma, 
Scott Scientific 

Freedom to Learn, ‘‘Place Value,” 
pp. 116-117, Addison-Wesley 

Nuffield Project: Computation and 
structure 2 , “Place Value,” pp. 
70-77, Wiley 

Nuffield Project: Computation and 
Structure 4 , “Extension of Place 
Value,” pp. 1-12; “Large Num- 
bers and Indices,” pp. 50-58, 
Wiley 

MANIPULATIVE DEVICES 

Abacus or Abacus Board (school 
supplier) 

Cuisenaire Cubes, Squares, and Rods 
(Cuisenaire Co.) 

Dienes Multibase Arithmetic Blocks 
(Herder and Herder) 

Peas and Particles—a unit which 
deals with estimation and large 
numbers (Selective Educational 
Equipment; Webster, McGraw- 
Hill) 

Unifix Math Lab Kit (Educational 
Teaching Aids; Math Media; 
Responsive Environments Corp.) 

COMMERCIAL GAMES 

Kalah—a game of counting and 
strategy (Creative Publications; 
World Wide Games) 

Oh-Wah-Ree (Selective Educational 
Equipment) 

Ranko (Midwest Publications) 
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PAGES 34-35 
Objective 

Given base-ten units, rods, layers, 
and blocks, the child will be able to 
use number blocks, cubes, or their 
pictorial representations to regroup 
ones, tens, hundreds, and thousands. 


Preparation 

Materials 

number blocks like those illustrated 
on page 34, or sugar cubes 

The materials at your disposal and 
the background of the children will 
determine how you handle this les- 
son. If you have no number blocks, 
you might use sugar cubes as a sub- 
stitute. (White glue may be used to 
fasten cubes together to form rods, 
layers, and blocks.) 

If neither number blocks nor cubes 
are available, you can easily use 10- 
by-10 centimetre grids to make the 
layers on stiff paper. These may then 
be used with the white and orange 
strips which are available with this 
series. (In this case, change the in- 
vestigation so that the children are 
asked to try to find the area of each 
instead of the volume. A set of 10 
layers may be used to represent 
1000, but we would not speak of 
“volume” in this case.) Many chil- 
dren, however, will be able to work 
quite satisfactorily from pictorial 
representations if necessary. 


Investigation 

If the three-dimensional materials 
are available, encourage the children 
to work with them to answer the 
challenge questions. Even if the 
manipulative materials are not avail- 
able, most children should be able 
to interpret the pictures well enough 
to answer the questions and benefit 
from the ideas being explored in this 
investigation. Encourage compari- 
sons such as 10 layers are the same 
as 1 block; 100 rods are the same 
size as | block. 
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Discussion 

The questions in discussion exercise 
] may be used as a summary of the 
ideas introduced in the investigation. 
Emphasize that the pictured rods, 
layers, and blocks are all based on 


the number 10. For example, if the. 


child realizes that the rod has 10 
units and the layer has 10 rods, he 
should see that he can use | layer in 
place of 10 rods. 

Exercise 2 develops the important 
idea of recording the various groups 
so that the placement of the number 
for each group corresponds to the 
way we order numerals to show 
place value in our numeration sys- 
tem, that is, with the largest group 





Block 10090 





2. Here is a record of the 
number of blocks, layers, 
rods, and units Joe has. 
If he exchanges them all 
for units, how many units 
will he have ?378 


Numbers and Numerals 


® Let's exp/ore units, rods, layers, and blocks. 


Investigating the Ideas 


The block, layer, rod and unit are made 
of cubes which are the same size. 





Layer |OO Rod !O 


Can you find the volume of the 
rod ? the layer ? the block ? 


See Investigation. 





Discussing the Ideas 


1. a How many units placed together make a rod ? 10 
sb How many rods placed together make a layer ? !o 
c How many layers placed on.top of each other make a block ?!9 


on the left and the units on the right. 
It would be helpful to set up a similar 
chart on the chalkboard and present 
various examples to give children 
practice in making exchanges among 
the various groups. For example, you 
might present the following: 


Blocks Layers Rods Units 
Age 2 5 mn 1 
B 0 8 2 5 
Cx 0 1 0 


Ask questions such as: “If you ex- 
changed the blocks in set A for as 
many layers as you could, what 
would you have?” (0 blocks, 25 
layers, 7 rods, 1 unit) “If you ex- 
changed layers for rods in set B?” 


Unit 





* 4. 


a You can trade in a ten-rod and get __?__ one-units. 10 


Sy F 2788 Seago 
a How many one units are shown here : 73 aeaeee 
B If you trade in as many as you can eBeeeoeeaaqa 
for ten-rods, how many ten-rods GVeoeog 
would you get? How many one-units would you have left ?7 


Using the Ideas 





OE 262009 Ie 


Thousand-block Ten-rod 


Hundred-layer 


One-unit 


B You Can trade in a hundred-layer and get __?__ ten-rods.io 
c You can trade in a thousand-block and 

get _ ?__ hundred-layers. !© 
p You can trade in __ ?__ one-units and get a ten-rod. !0 
e You can trade in __ ?__ ten-rods and get a hundred-layer.10 
F You can trade in _ ?__ hundred-layers 

and get a thousand-block. io 


a How many ten-rods are 
shown here ?48 
B If you trade in as many as 
you can for hundred-layers, 
how many hundred-layers 
would you get ? How many 4 
ten-rods would you have left 2 
Suppose this is a record of all the 
Thousand-blocks, Hundred-layers, 
Ten-rods, and One-units you have. 
What will the record look like after 
you make all of the trades that can be made ? 
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(0 blocks, 0 layers, 82 rods, 5 units) 
“If you exchanged both blocks and 
layers for rods in set C?”’ (0 blocks, 
0 layers, 101 rods, O units) 

When appropriate during this 
discussion, associate the place-value 
terms thousands, hundreds, tens, and 
ones with the terms blocks, Jayers, 
rods, and units respectively. 


Using the Exercises 

Exercises 1 through 3 on page 35 
may be assigned as independent 
work. The children who need to 
should be allowed to use number 
blocks, cubes, or centimetre grids 
to help them work out the trade-in 
values. 

Starred exercise 4 is intended es- 
pecially for more capable children, 
but all the children would benefit 
from an explanation of the “best 
trades” that can be made. If the 
children seem capable, you might 
provide other, similar examples. 
Assignments (page 35) 

Minimum: 1-3. Average: 1-3. 
Maximum: 1-4. 


Follow-up 

On the chalkboard, display a chart 
such as the one in starred exercise 4. 
Ask the children to give the base-ten 
numeral that represents the total for 
each set that you show on the chart; 
that is, ask them to show what the 
record would be after they made all 
the trades necessary to get a 1-digit 
numeral in each column. 

Some children may need work with 
concrete materials to reinforce their 
understanding of base-ten numerals. 
If no number blocks are available, 
provide sugar cubes, or use the fol- 
lowing suggestion for these children. 
To represent layers, 10-by-10 centi- 
metre grids may be made on a dupli- 
cator master and run off on relatively 
stiff paper. Likewise, 10-by-1 centi- 
metre strips can be run off from a 
duplicator master, or the orange 
centimetre strips may be used, to 
represent the rods. The individual 
l-centimetre strips can be used as 
units, and groups of 10 of the centi- 
metre grids (layers) can be clipped 
together in place of blocks. 

For children who would benefit 
from use of the strips or centimetre 
grids, you might want to make some 
“strip boards.’”” A homemade board 
can be constructed by cutting both 
lids off a tennis can (or other appro- 
priate can), cutting the vertical seam, 
flattening it, taping the edges, and 
tacking it to a piece of Masonite or 
other board. It can then serve as a 
convenient base for working with 
arrangements of magnetized grids 
and strips. (Strip magnets can be 
purchased in variety stores and glued 
onto the strips or grids.) 


mm — 24 cm ——— 





e ry 
|] hundred. 4 tens, and 4 





21 cm 


Masonite 





Flattened can nailed 
onto Masonite 
aS es 

Strip magnet glued to 
back of colored strip 


Resources for Active Learning 
Nuffield Project: Problems—Green 
Set, No. 36, Wiley. 
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PAGES 36-37 
Objective 

Given a 4-digit numeral in base ten, 
the child will be able to give the place 
value for each numeral. 


Preparation 

If you do not wish to begin immedi- 
ately with the investigation, show 
an arrangement of blocks, sugar 
cubes, or grids and ask a child to 
tell you what number the arrange- 
ment represents to him. Continue 
for just a few minutes with this 
procedure, altering the arrangement 
and giving several children an oppor- 
tunity to respond. 


Investigation 

After reading through the directions 
for the investigation with the chil- 
dren, encourage them to work inde- 
pendently to find the solution to the 
challenge question. As they work, 
observe that they recall what num- 
bers are represented by blocks, 
layers, rods, and units. If necessary, 
suggest that they refer to the illus- 
tration of these terms on page 34 of 
the preceding lesson. 





Investigating the Ideas 


Suppose you have 367 wooden cubes and 
could glue them together to end up 
with block pieces, layer pieces, 

rod pieces, and unit pieces. 


if you tried to end u 
Slayers, Grods, Juni 


@ How is place value used in writing numerals? 


How many blocks, layers, rods, and units would you have 
p.with the fewest possible pieces ? 





Discussing the Ideas 


1. We use the idea of place value and the digits (0, 1, 
2, 3, 4, 5, 6, 7, 8, and 9) to write a numeral that 
tells how many units are in each set below. 





T(tens) O(ones) 
4 7 
Read: forty-seven 


H(hundreds) Lil ial@ 
3 5| 4 


Read: three hundred 
fifty-four 


Th(thousands)|H | T | O 
= PO es}, || als) 


Read: five thousan 
two hundre 
thirty-six 





How would you read the numerals in a, B, and c ?See above. 


2. a What digit is in the tens’ place in a ?4 in B?5 inc ?3 
B What digit is in the hundreds’ place in B? c?8-3; c-2 
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Discussion 

Allow ample time for children to 
compare and discuss their investiga- 
tion results. Then direct their atten- 
tion to the discussion exercises. 

The discussion exercises in this 
lesson relate to the ideas illustrated 
in the chart. Point out to the chil- 
dren that not only do we group by 
tens when we write a numeral in 


base ten, but also we have ten digits 


to choose from in writing the nu- 
meral. An important point to stress 
is that a digit has not only its own 
number value but also a value ac- 
cording to where it is placed. After 
discussing the exercises, ask the 
children to explain what the 4 in 


c What digit is in the thousands’ place in c?5 


A represents and what the 4 in 
B represents. Similarly, let them 
consider the 3 in B and the 3 in C, 
and the 5 in B and the 5 in C. 

You might then write several 
numerals on the chalkboard to give 
children further practice in identify- 
ing place value. You might also use 
the suggestion in the follow-up sec- 
tion at this time. 


. Write a numeral that tells how 





Using the Ideas 


many units all together.24.4. 


. Each bundle contains ten sticks. 
Each box contains one hundred 
sticks. Write a numeral that tells 
how many sticks all together. i7s 


ARE 





. Write a numeral for each exercise. 


A 5tens and 9 onesso p 3 hundreds, 9 tens, and 4 ones304 
B 6 tens and 4 oneso4 E 6 hundreds, 0 tens, and 7 onesco7 
c 3tens and 0 ones3o0 F 5 thousands, 7 hundreds, 4 tens, 


and 8 ones 5748 


. Give the missing digits. 


a 39 means || tens and lll ones. 3,9 

B 93 means ||| tens and ||| ones.9, 3 

c 597 means |lll hundreds, ||lll tens, and ||ll| ones.5,9,7 

p 8723 means ||| thousands, ||| hundreds, |llll tens, and || ones. 


8,7,2,3 
I’m one more ten than 90, 
32 = 30+ nz 10 tens in all you see. 


98 = n + 890 My first letter is an H, 
324 = 300 + 20+ ™| Mylast oneisaD. 


836 = n+ 30 + 6800 
409 = 400 + n + 9o 
380 = 300 + 80 + mo} 
277 = n+ 70 + 7200 
699 + 1 = N700 
999 + 1 = miocoo 


. Solve the equations. 
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More practice, page A-3, Set 5 oy 


Using the Exercises 

You may choose to work through 
exercises 1 and 2 on page 37 with 
the class. Assign the remainder of 
the exercises as independent work. 
To check the answers for exercise 3, 
have children write their numerals on 
the chalkboard. 

Give all the children an oppor- 
tunity to try to do the Think prob- 
lem before they are given the correct 
answer. Most children will under- 
stand it once the correct answer is 
given. 


Assignments (page 37) 


Minimum: 1-3. Average: 1-4. 


Maximum: 1-5. 





Mathematics 

The digits are the symbols 0, 1, 2, 3, 
4, 5, 6, 7, 8, and 9. A numeral is a 
symbol that stands for a number. The 
symbol 5, for example, is both a 
digit and a numeral. The symbol 83 
consists of two digits and is a 
numeral for the number eighty-three. 
Keep number-numeral terminology 
simple so that it is meaningful to the 
children. Be careful not to use such 
phrases as ‘add the digits” or “add 
the numerals.’ Emphasize that we 
add numbers and write digits and 
numerals. 

Follow-up 

Evaluate the children’s understand- 
ing of place value by asking them 
to write numerals from your oral 
directions. 


Sample oral directions: 

Write the 3-digit numeral for each of 
these numbers. 

1. 700 plus 30 plus 5 

2. 900 plus 8 

3. 800 plus 90 plus 8 

Write the next group of numbers in 
expanded notation. For example, 452 
should be written as 400 + 50 + 2. 

15475 

2. 660 

3. 308 


You might also include examples 
such as the following: 


Write the numerals for the following 
numbers. 

1. Ten more than 76 

2. Ten less than 38 

3. Eight tens and eight 


Some children might benefit from 
continued use of blocks or cubes. A 
worksheet such as the following may 
be used to show an arrangement of 
units, rods, layers, and blocks for 
each: 


[Blocks [Layers [Rods [Units 





Duplicator Masters, page 4 
Workbook, page 9 
Skill Masters, page 4 
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PAGES 38-39 
Objective 

Given a whole number between one 
and one thousand, the child will be 
able to write a base-ten numeral for 
it and will be able to read the numeral. 


Preparation 

A brief review of writing numerals 
using expanded notation would be 
suitable if you prefer not to begin 
immediately with the discussion. 
Pattern the review on the suggestions 
given in the follow-up section of the 
previous lesson. Limit such a review 
to four or five minutes at the most, 
keeping a brisk pace throughout. 


38 
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Discussion 
To begin the discussion, you might 
ask children about the kind of count- 
ing they do when they play a game 
like hide-and-seek. Encourage them 
to count by tens to ninety as directed 
in exercise 1A. As you discuss this 
exercise, help them see that 90 + 10 
is 100 or 10 groups of ten and that 
99+ 1 is also 100 or 10 groups of 
ten. The chief point to emphasize 
here is that 100 is 10 groups of ten. 
When the children write the numerals 
for exercises 1C and 2C, show them 
how we can think of 100 as a 10 in 
the tens’ place, and of 1000 as a 10 
in the hundreds’ place. 

If the children have had earlier 








® Do you know the number names up to one thousand? 


Discussing the Ideas 


1. a Count by tens to ninety. Then count by ones to ninety-nine. 
8B Before the extra stick is added, there are 


9 ? tens and ? ones.9 


io ? tens and ? ones.o 


c How do you read and write the numerals for the number of 
sticks before and after ? Read: ninety-nine; write: 99 


Read: one hundred ; write: 100 


2. a Count by hundreds to 900, by tens to 990, and by ones on 
to nine hundred ninety-nine. 
B Before the extra stick is added, there are 


9 9 2 
? hundreds, ? tens, and ? ones. 


CU0000000 


After the extra stick is added, there are 


10 ° (e} 
? hundreds, ? tens, and ? ones. 


c Can you write the numerals for the number 
of sticks before and after ? 999, to00 


Opportunities to work with number 
blocks, you might not spend much 
time with demonstrations. However, 
some classes may find demonstra- 
tions helpful. To demonstrate 1000, 
you can have the children pretend 
that certain labelled containers such 
as paper bags hold 100 each; then 
you can have them think about ten 
such containers, or about one large 
container holding 1000 objects. 


DU0000000—0 


After the extra stick is added, there are 


eh ee a 


oo &* earr® 494 


ee? B= 


Vy, pe 


ise ~<a 
y* 


. Write the numeral for each exercise. 
a three hundreds, five tens, and two ones as2 


B eight hundreds, three tens, and seven ones 837 


c¢ nine hundreds, eight ones, 
and three tens 238 


D six tens, four ones, 
and eight hundreds 864 


E five ones, four tens, 
and three hundreds 345 


F one hundred, nine tens, 
and four ones 194 


394 
ce three hundred ninety-four 
H seven hundred sixty-eight 
1 four hundred forty 440 ong 
J four hundred four 404 


2. Write the numeral for the number that is 


a just before 200. i99 
B just after 799. 800 
c just before 250. 249 


3. Write the numeral for the number with 


a 3 hundreds, 5 tens, 7 ones.257 c 8 hundreds, 0 tens, 0 ones.800 
B 8tens, 7 hundreds, 6 ones.786 bv 9 hundreds, 5 ones, 0 tens.905 


* 4. Solve the equations. 


a 99+1= Ni0o 
100 + 99 = ni99 

B 199= 100+ n929 pv 399 = 300+ n99 e 899 = 800+ n29 
199 + 1 = nzo0o 


299 + 1 = n300 


399 + 1 = 400 


Using the Exercises 
Assign the exercises on page 39 as 
independent work. To check exer- 
cises | through 3, call on children to 
write their answer for an exercise on 
the chalkboard. Also, give the chil- 
dren opportunity to read the 3-digit 
numerals. If necessary, provide more 
numerals on the chalkboard for the 
children to practice reading. 
Although exercise 4 is starred, all 
should benefit from a discussion of 
this exercise. These equations are 
sequentially ordered so that the 
children begin by finding the sum of 
99 and 1, then the sum of 100 and 99, 
the sum of 199 and 1, of 299 and 1, 
and so on. 





p just after 899. 900 
E just before 610. co9 
F just after 990.991 


c 299 = 200+ noge 599= rn + 99500 


Using the Ideas 


599 + 1 = n6oo 


899 + 1 = n900 
39 





Again, give all the children an 
opportunity to try to do the Think 
problem before they are given the 
correct answer. Most children will 
benefit from a discussion of the 
correct answer. 


Assignments (page 39) 


Minimum: 1, oral. Average: 1-3. 


Maximum: 1-4. 


Mathematics 

Once a transition has been made 
from tens to hundreds, extending the 
idea of place value to include thou- 
sands is little more than a formality. 
If the children understand that 100 
is 10 groups of ten, they should be 
able to extend this easily to an 
understanding that 1000 is ten groups 
of 100. Of course, an understanding 
of this extension should be quite 
simple with larger and larger num- 
bers. The idea is simply that, for 
each place to the left of a given 
place, we think of ten groups of 
the number of the given place. 
Follow-up 

If the class is fairly proficient in 
place value, divide it into two closely 
matched teams and have a relay. 
Give each team leader chalk and an 
eraser. As you give directions, the 
leaders at the chalkboard should race 
to write the correct numeral. Award 
one point for speed and two points 
for accuracy. The game goes on as 
the children next in line replace the 
leaders at the board and write 
numerals according to your instruc- 
tions. Directions for the relay could 
be similar to these. 


1. Write the numeral for 100 more 
than 806. 

2. Write the numeral for 10 less than 
205. 

3. Write the numeral for 30 more than 
303. 

4. Write the numeral for 50 less than 
605. 


Resources for Active Learning 

Mathex: Operations No. 3, “Num- 
bers in the Thousands—Activities 
1-4,” pp. 23-25, Encyclopaedia 
Britannica Publications Ltd. 

Teaching Aids for Elementary Math- 
ematics, “‘Numeral Expanders,” 
pp. 24-25, Holt, Rinehart and 
Winston. 


39 


PAGES 40-41 
Objective 

Given appropriate physical objects, 
or standard units, the child will be able 
to estimate 1000 of the objects or units. 


Preparation 
Materials 
5 books, each with a different num- 
ber of pages; rice, corn, navy 
beans, lima beans, water, or sub- 
stitutes; paper cup, 100 ml beaker, 
can lid, pop bottle, 500 ml con- 
tainer, | litre container; 10 check- 
ers; calendar; eyedropper 
To prepare for this lesson, write 
the word estimate on the chalkboard. 
Ask the children to tell you what the 
word means to them. Make sure 
they have the idea that to make an 
estimate of something is to make a 
careful guess, to give an approxima- 
tion. Then, direct the children to the 
text and title of the lesson. 


Investigation 

Your method of handling this lesson 
will depend on your class and the 
kind of freedom you are accustomed 
to giving the children. It would be 
possible to let the children work in 
groups of three or four. Give the 
children time to make and record 
their guesses, and then work to- 
gether to check at least one of the 
guesses. If necessary, suggest to 
some groups that measurement or 
actual counting is possible but 
tedious. If children want to make an 
accurate check, they could divide the 
counting among 4 or 5 children, 
each counting 250 or 200 grains of 
rice or beans. 


40 
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Discussion 


Have children explain how they 
checked their guesses. Then use the 
discussion exercises as models of 
ways to think through such problems. 
For example, if you can count to 100 
in about 1 minute you should be 
able to count to 200 in about 2 
minutes, to 300 in about 3 minutes, 
to 600 in 6 minutes, and to 1000 in 
10 minutes. 

For exercise 2, ask several medium- 
sized children to give their weights. 
Then their average weight can be 
used in repeated addition until you 
get a sum close to a multiple of 10. 
If weights are around 35 or 40 kilo- 
grams, for example, about 7 chil- 


@ 1000 Brains of rice. 

@ 1000 grains of popcorn. 
@ 1000 drops of water. 

@ 1000 navy beans. 


@ 1000 lima beans. 


® Can you estimate 1000 things? 


paper cup 


Investigating the Ideas 


Guess which container shown 
would most nearly be filled by 





500 ml 





1 litre 


Can you find a way to check one of your guesses ? 
See Investigation. 


Discussing the Ideas 





can lid 





1. If you could count to 100 in about 1 minute, about how 
long do you think it would take you to count to 1000 ae lOmin 
How many hundreds are in 1000 ?'° See Discussion 
2. About how many of your classmates would have to get on 
the scales together to weigh 1000 kilograms ?About 28 


See Discussion. 


3. If 100 centimetres is 1 metre, about how many metres make 
1000 centimetres ? Can you throw a ball 1000 cm ? 


10 See Discussion. 


dren would be needed for 250 
kilograms; so about 4 times as 
many, or 28, would be needed to 
make 1000 kilograms. 

You might prefer to use the second 
part of exercise 3 as an investigative 
activity, encouraging the children to 
find out on the playground who can 
throw a ball 1000 cm. Throughout 
the discussion, stress both the con- 
cept of how large 1000 is and the 
“thinking through” approach which 
should be used in making estimates. 


* 5. 


. One thousand days is about 


how many years ? Guess first. 
Then try to find a way to 


check your guess. 
1000 


About 2% or 3yr 
DAYS 


. How thick is a book with 


1000 pages ? Choose 5 books 
of different sizes. See how 
close you can come to guessing 
the number of pages in each 
book. Does the thickness of 

the page make a difference 

in your guess ? 


460 pages are abouT dem thick, 
Se |00C payes are aboot 64 Cmtuck; yes 


. How far is 1000 centimetres ? Make a guess 


and then check your guess. 
drake 100 0 CENTIMETRES 





Rae 


. Is 1000 seconds more than one hour ? 


Find a way to decide. Sample: GO seconds are | minute. 

240 Ss are 4 minutes. 
{000 Seconds are about . 
5x4 minutes, or ZO minutes. 


Secon 






1000 


SECONDS 


How tall is a stack of 1000 checkers ? 
Can you measure the height of a stack 
of 10 checkers and use this information 


to figure out the answer ? 


Answer will depend on size of checker. 


Using the Exercises 





HES SERRA R LOSE SS BEERS 





Read through each exercise on page 
41, including starred exercise 5, and 
have the children record their guesses. 
Then assign three or four children 
to a group. Have materials ready for 
each exercise. You might also en- 
courage groups to check the ques- 
tions in the discussion section by 
measuring and by counting seconds. 

As the children work, do not 
suggest methods of counting. How- 
ever, after they finish the exercises 
and you allow time for discussion, 
point out that usually the best 
method is to count multiples of ten 
and figure out from a few count- 
ings how many they need for 1000. 


Using the Ideas 






(a) 





1000 


CHECKERS 
41 





Assignments (page 41) 


Minimum: 1-4, oral. Average: 1-4. 


Maximum: 1-5. 


Follow-up 
Children might enjoy illustrating the 
results of their investigations and 
displaying them on a bulletin board 
or on a shelf with containers holding 
1000 of the items they counted. Or 
they might show two containers side 
by side and have others try to guess 
which one holds 1000 items. 
Resources for Active Learning 
Developmental Math Cards, 7, 
Addison-Wesley. [Estimation and 
frequency] 
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PAGES 42-43 
Objective 

Given a 4-, 5-, or 6-digit numeral, 
the child will be able to read it, write 
it, and explain the place-value mean- 
ing of each digit. 

Preparation 

Materials 

magazines; atlases, almanacs; en- 
cyclopedias; auto and camper ads 
in newspapers, mail-order cata- 
logues, etc. 

To prepare for this lesson, write 
the ten-digits 0, 1, 2, 3, 4, 5, 6, 7, 8, 
and 9 on the chalkboard. Review the 
word digit and ask the children to 
write or think of a 4-digit numeral. 
Call on one child to write his 4-digit 
numeral on the chalkboard. Ask 
how many others wrote the same 
numeral. It is unlikely that any other 
child wrote the same numeral. 
Mention that there are nine thousand 
4-digit numerals and that in this 
lesson they will investigate how these, 
and some even larger, numerals may 
be used. 


Investigation 

Have an adequate supply of adver- 
tisements, catalogues, encyclopedias, 
and atlases. If necessary, have the 
children work in pairs; but, if your 
supply of materials is adequate, en- 
courage them to work independently. 
Ask questions such as: “Can you find 
famous dates shown by 4-digit nu- 
merals?”’ “To find 5- and 6-digit 
numerals, look for areas of provinces 
and populations of cities in your 
geography book.” Some ways in 
which 4-digit numerals are used are: 
dates, weights, speeds, altitudes of 
mountain ranges, lengths of long 
rivers, etc. The best source for find- 
ing the 4- and 5-digit numerals used 
in populations and distances are the 
charts printed in most atlases and 
almanacs. If your supply of such 
sources is limited, you might have 
the children look for other uses you 
suggest on the chalkboard. (See 
comments under “Investigation” on 
page 44.) 

If any children give numerals 
representing amounts of money, en- 
courage them to use only whole 
numbers of dollars, not including any 
amounts such as $362.70. 
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@ How are 4-, 5-, and 6-digit numerals used? 


Investigating the Ideas 





Can you use a reference book 
Record the names 


and numbers you find. 


to find the information needed 





in the boxes above ?$ee eee 


Discussing the Ideas 


1. In a4-digit numeral, which digit tells how many thousands ? st digit 
hundreds? tens? ones? 4th digit 
Znd digit  3rddigit 


2. Read the numerals you found above. Answers will vary. 


3. Write five 4-digit numerals on the chalkboard. Tell how many 
thousands, hundreds, tens, and ones. Then read the numerals. 
Answers will vary. 
4. a What is the largest number named by a 4-digit numeral ??999 
B What is the largest number named by a 5-digit numeral 2729999 
c What is the largest number named by a 6-digit numeral ?999 999 


5. What are the hundreds’ and thousands’ digits in a certain 


4-digit numeral that appears in the newspaper every day ? 
Hundreds/digit -9 ; thousands’ digit -l Cin publication date) 
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Discussion 

To introduce discussion exercise 1, 
write a 4-digit numeral on the chalk- 
board; then discuss the place value 
of each numeral. For exercise 2, have 
children write on the chalkboard the 
numerals they found in the investiga- 
tion and then have children read 
them and discuss the place value of 
the various digits. 

Exercise 4 may challenge some 
children. The activity suggested in 
the follow-up section may give chil- 
dren practice in recognizing smaller 
and larger numerals. Notice, how- 
ever, that the emphasis in this lesson 
is on understanding the place values 
in 4-digit numerals. 


Exercise 5 should prompt a dis- 
cussion of a numeral the children 
themselves use very frequently—that 
which represents the date of the 
current year. So the numerals in the 
hundreds’ and thousands’ places are 
9 and 1, respectively. 

Throughout the discussion, use 
demonstration materials if you think 
it necessary. For example, you can 
illustrate a given 4-digit numeral by 
exhibiting a large sack labelled 
“1000,” several small sacks labelled 
“100,” a few bundles of 10, and a 
few objects left over. Continue to 
stress that 100 is 10 tens and that 
1000 is 100 tens or 10 hundreds 








A 
B 
c 


A 


moos 


A 
B 
c 


p 82763 =n +2000 +700 +6043 


. Aman paid for a sports car with: 


How much did the s | x) 


ports car cost ?¢a245 


Give the missing digits in the order indicated. 

3476 means ||| thousands, |\ll hundreds, |llll tens, and |i ones.3,4.7,6 
4007 means ||| thousands, |lill hundreds, |\lll tens, and |illl ones4.0.0,7 
25 479 means ||| ten thousands, ||| thousands, Ill! hundreds, 


ill tens, and lll ones. 2,5,4.7,9 


681 493 means |||l hundred thousands, || ten thousands, 
Ill thousands, |llll hundreds, |llll tens, and || ones. 6,8,1,4,9,3 


Write the correct numeral for each exercise. 

six thousands, five hundreds, four tens, and three ones 65423 
three thousand seven hundred sixty-two 3762 

nine thousands, zero hundreds, four tens, and five ones 9045 


nine thousand thirty-five 9025 


eight ten thousands, four thousands, six hundreds, 


zero tens, and seven ones 84 607 


seven hundred thousands, five ten thousands, nine thousands, 


zero hundreds, zero tens, 
and three ones 759 003 


Solve the equations. 


2856 = 2000 + 800 + 50+ ne 
3495 = 3000 + 400 + n + 590 
9765 = n + 700 + 60 + 59000 


765114 = n + 60000 
+ 5000 + 100 + 10 + 4700000 


More practice, page A-4, Set 6 


Using the Exercises 











After discussing exercise 1 on page 
43, assign the remaining exercises as 
written work. When the children 
have finished, have them check their 
work together. To check exercise 3, 
have children write their answers on 
the chalkboard. When children write 
a 4-digit numeral, it is not necessary 
for them to leave a space. In this 
book, the space will generally be 
used only in numerals of five or more 
digits. A space is occasionally used 
in a 4-digit numeral, however, to 
illustrate a certain point, or to 
maintain consistency in a context 
where numerals with more than four 
digits occur. 


Using the Ideas 
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Encourage all the children to try 
the Think problem, even though 
most will not find all of the 24 pos- 
sible numerals. 

Solution, Think, page 43 

1234 2143 3124 4123 

1243 2134 3142 4132 

1324 2341 3241 4213 

1342 2314 3214 423] 

1423 2431 3412 4321 

1432 2413 3421 4312 


Assignments (page 43) 
Minimum: 1-2, oral. Average: 1-3. 
Maximum: 1-4. 


Follow-up 

To give children practice in reading 
4-digit numerals, play a roll-a-die 
game with small groups of four or 
five children. Instruct children to 
make a place-value chart on their 
paper such as the following: 


EIN BHI ss tet Hy 


One player rolls a die. The roller of 
the die announces whether the goal 
of the game is the largest possible 
number, or the smallest possible 
number. Each player records the first 
digit rolled in any of the four posi- 
tions, the second digit in any of the 
remaining three positions, the third 
in one of the two remaining posi- 
tions, and the fourth in the last. 
The placement of a digit may not be 
changed after it is written in position. 
Children should keep their own 
score, noting how many times they 
have written the numeral announced 
by the roller of the die. 

This game helps children realize 
the importance of place value. If 
they are aiming for the greatest pos- 
sible number and a “2” appears on 
the first throw, they should soon 
realize that it would be unwise to 
place the 2 in the hundreds’ or 
thousands’ place. 

Resources for Active Learning 

Mathex: Operations No. 3, “‘Boxes 
and Tickets,” pp. 25-26, Encyclo- 
paedia Britannica Publications 

Ltd. 

Nuffield Project: Problems—Green 

Set, No. 44, Wiley. 


Duplicator Masters, page 5 
Workbook, page 10 
Skill Masters, page 5 
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PAGES 44-45 
Objective 

Given two different numerals of less 
than 7 digits, the child will be able 
to state which represents the larger 
number and to write a statement of 
the inequality using the correct sym- 
bol. (> 0r-<). 
Preparation 
Materials 

atlases, almanacs; encyclopedias; 

automobile advertisements 

Since no specific preparation is 
necessary, it would be appropriate to 
begin immediately with the investi- 
gation. 
Investigation 
If a sufficient quantity of resource 
materials is available, have the chil- 
dren work independently to find 
pairs of numerals to compare. Since 
the emphasis of this lesson is on 
comparing numerals, and supplying 
enough resource materials might be 
difficult, you might find it necessary 
to write numerical data on the chalk- 
board, such as the following: 


diameter of earth—12 672 km 

diameter of Mars—6720 km 

diameter of Mercury—4960 km 

distance from Toronto to New York 
—600 km 

distance from Vancouver to Calgary 
—1027 km 

distance from Montreal to Halifax 
—835 km 

distance from Ottawa to Winnipeg 
—2040 km 

population of Vancouver—1 071 081 

length of Churchill River—1600 km 

length of Mackenzie River 
—4050 km 

length of St. Lawrence River 
—3040 km 

altitude of Regina—570 m 

height of Mt. St. Elias—5430 m 

height of Commerce Court building, 
Toronto—236 m 


44 


See Discussion. 
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Discussion 
Discuss exercises | through 3 before 
discussing the numbers the children 
found in the investigation. Empha- 
size that they should compare first 
the digits in the thousands’ place. 
Only if these are the same should 
they compare the digits in the hun- 
dreds’ place and so on. Review the 
meaning of the inequality symbols, 
“>” (is greater than) and “<” (is 
less than). Children might share their 
own clues for distinguishing between 
the symbols, or you might suggest 
that, if we think of the symbol as an 
arrowhead, the arrow is always 
pointed toward the lesser number. 
When the children discuss their 


1. Three digits are covered in 
each salary number. Could 
Mr. A’s salary possibly be 


more than Mr. B's ? Explain. 
No. See Discussion. 


2. Each of these numbers has the same | 
thousands’ digit. If you could see 
one more digit in each to find out 
who made more hits, which digit 


would you choose ? Explain. 
Hundreds'digit. See Discussion, 


3. How do you decide which of 
these statements is true ? 


® Which of two numbers Is larger? 


Investigating the Ideas 


Can you complete one of these investigations ? 
See Investigation. 








Discussing the Ideas 


Ui 2S ths esr ae 
_ Mr.A‘ssalary: $8 Sm 
_ Mr. B’s salary: $9 peees4 

a 





Willie Mays: 3 Il i il 





3 il i il 


Hank Aaron: 


[a] 35 798 > 35 801False 
35 798 < 35 801True 


numerals from the investigation, 
have them show their comparisons 
with the inequality symbol on the 
chalkboard. Continue to point out 
the method of examining first the 
digits in the place of greatest value, 
that is, the place furthest to the left; 
then if necessary, the digits in the 
next place to the right; and so on. 


* 5. 


More practice, page A-5, Set 7 45 





. In each exercise, write the sign (<, >) that should go in each il 


. Give the number that is 100 more than 


. Give the number that is 1000 less than 209 000 


Follow-up 

Prepare a worksheet similar to the 
following to help children become 
more familiar with comparisons of 
numerals in the thousands. 


Using the Ideas 


1. Use one of the inequality symbols 
(> or <) to complete the follow- 
ing statements. 

A 2536 © 2653 F 5861 © 5860 

B 1984 © 1899 G 4935 © 4953 

G@; 756246).6751 He8125@Oeis95 

D 9119 © 9191 L8l id On uLis 

E 1040 © 1004 J 5059 © S111 

2. For each of the exercises above, 


The numerals on the cans tell how many marbles are inside. 
Which picture (a ors ) has the greater number of marbles ?4 


Then write the words (greater than, less than) 
that should go in each blank. 





ive th f the pl hou- 
a 730 (i 73> e 65 423 jl) 65 523< fous a undreie eats oe ee 
730s? 73.greater than 65 423 is 100 __?__ 65 SPL aya which enabled you to tell which 
B 703 li 730< F 126 742 ilk 125 742> was the greater number. 
703 is __ ?__ 730.!ess than 125 742 is 1000 ___ ?__ 126 742. Example: 
less than A hundreds 
¢ 7300 lll) 7030> c 483 762 ||) 483 672> pe 
G00 1s 7.) /030.d00 2) 483 762 ts _ 2__ 483 672. 9°S0%e" 
p 42593 ill 42 583> H 95 461 ilk 95 164> 
42 593 is ___ ?__ 42 583. 95 164 is __ ?__ 95 461. less than 
greaterthan 


Duplicator Masters, page 6 
Workbook, page 11 
Skill Masters, page 6 


439 000 
A 7.107 c 327.427 E 320073221076 2341.2441 1 438 900. 


B 27.127 p 53275427 F 72 700.72800% 900.1000% y 999 900. 


1000 000 


A 2000.1000 c¢ 5003.4003 E 61 004.c0004 « 310000. 

B 5234.4224 p 31 900.3099° Fe 1000.9 a 845 900. 
Give the largest 3-digit number that has the digits 2 and 5.952 
Give the smallest 3-digit number that has only one 0 digit. !0! 
Give the smallest 4-digit number that has the digits 5 and 3.!025 
Give the largest 5-digit number that has the digits 4, 7, 8, 0 5. 
Give the largest 6-digit number with no two digits alike.987 o54 


mooow > 





Using the Exercises more than 5327, the children should 
Work through exercise 1 together. count by hundreds starting with 5327 
It is not essential that children write (i.e., fifty-three hundred twenty- 
out the numerals for A and B in seven, fifty-four hundred twenty- 
order to compare them. They might seven). To find a number that is 1000 
match the objects in the two sets less than a given number, they should 
first and then, when they have de- think about counting backward by 
cided which has the greater number 1000. 


of marbles, show the comparison by Note that exercise 5 is a challenge 
writing the two numerals with the for the capable children, although 
inequality symbols. nearly everyone will enjoy discussing 


Assign the remaining exercises as__ It. 
independent work. Explain that in 
exercises 3 and 4 they are to think 
about counting (by hundreds and 
thousands) and about place value, Assignments (page 45) 
rather than about addition. In other Minimum: 1-2, oral. Average: 1-4. 
words, to give the number that is 100 Maximum: I-5. 
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PAGES 46-47 

Given the number of years in a 
decade, century, and millennium and 
word problems using these terms, the 
child will show an understanding of 
the terms and of place value by answer- 
ing the questions in the problems. 


Solving Story Problems INVENTION S 





Preparation 

To prepare for this lesson, write the 
words decade, century, and millen- 
nium on the chalkboard. Explain the 
meaning of each term, emphasizing 
that a century is ten decades and 
that a millenium is ten centuries. 


| A decade is a period of 10 years. 
A century is a period of 100 years. 
A millennium is a period of 1000 years. 


You have lived about a decade. Very few people have lived for a century. 
Use the chart and your knowledge of place value to answer the questions. 


1. The sewing machine was invented 3 years later than the match. 
When was the sewing machine invented ? ig30 


2. The bicycle tire was invented 4 decades later than the safety pin. 
When was the bicycle tire invented ?'!889 


3. The adding machine was invented 2 centuries earlier 
than the bicycle. When was the adding machine invented ?1¢42 
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Discussion 

Give the children an opportunity to 
discuss the chart listing various in- 
ventions and ‘the years they were 
invented. Review the meaning of 
decade, century, and millennium 
with them. The sentences below the 
definitions should give the children 
some notions about the time spanned 
by a decade and by a century. Ask 
selected children to read the sen- 
tences aloud. 

Again, emphasize to the children 
that they should solve these prob- 
lems by counting and thinking about 
place value rather than by addition 
and subtraction. 

Depending on the reading ability 


of the children, direct the children 
to do the problems on these pages 
on their own. You may, however, 
choose to discuss the first three before 
assigning those on page 47 as inde- 
pendent work. If necessary, help poor 
readers by reading the problems for 
them in a small group; however, let 
them do their own thinking to answer 
the questions. 


Assignments (pages 46-47) 
Minimum: 1-11, oral. Average: 1-11. 
Maximum: 1-11. 





10. 


11. 


. The piano was invented 10 decades after 


The match was invented 6 decades before the 
gasoline auto. When was the gasoline auto invented ? 
1887 






the telescope. Give the year in which 
the piano was invented. |709 


The fountain pen was invented 
1 century and 1 year after the balloon. 
In what year was the fountain pen invented ? 





The movie machine (projector) was invented 
4 centuries and 1 year after Columbus discovered 
America. When was the projector invented ?'!893 


Leonardo Da Vinci learned about flight 


by watching birds. He drew a picture of 
an airplane about 400 years before 

the airplane was invented. In what year 
did Da Vinci draw the picture ? 1503 


The first modern naval submarine was built about 


10 centuries after Chinese sailors invented the 
magnetic compass. About when was the 

first naval submarine built ? i900 

What will be the date one millennium after 


the invention of the thermometer ? 2593 


Suppose that when the first sheet of color printing 
was made it was sealed in a block of stone. 
If it is discovered 3000 years later, what year will that be ? 4457 
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PAGES 48-49 
Objective 

Given a base-ten numeral having no 
more than 9 digits, the child will be 
able to read the numeral and give the 
place value for each digit. 


Preparation 
Materials 
index cards, small (Duplicator 
Masters, page 61); scissors 
It would be appropriate to begin 
immediately with the investigation. 
However, if you prefer, introduce the 
investigation by suggesting that the 
children imagine some “large num- 
bers” and things which occur in 
large numbers. Then explain that in 
this lesson they will learn to read 
large numerals, that is, the names for 
such numbers. 


Investigation 

Guide the children in studying the 
numeral and numeral reader pictured 
in the text. Following this, give 
them specific, close guidance in mak- 
ing their numeral readers. Direct 
them to place their index card 
slightly below the illustrated card in 
the text, and to mark the sections 
they are to cut out. After the children 
read the numerals in the challenge 
question, have them work with 
several other numerals. For exam- 
ple, write a dozen or so numerals of 
5 to 9 digits on the chalkboard and 
instruct the children to write these 
(or others of their own choice) on 
paper, using their numeral reader as 
a guide. Assign partners and direct 
the partners to take turns reading 
each other’s numerals, using the 
numeral reader. 
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Awe 65 
B 36 


280 
1:98 


48 





Discussion 
The purpose of the numeral reader 
is to help children recognize that 


large numerals are grouped in 
blocks of three places called periods. 
Thus, the stress should be not on the 
special names for individual places 
such as the fifth and sixth places, but 
on the fact that the three places 
(fourth, fifth and sixth), as a group, 
name the number of thousands. Ex- 
plain that the blocks of three places, 
the periods, extend, as a way of 
counting, through the millions, bil- 
lions, and so on. Point out that they 
can easily read larger numerals by 
naming the period to the. left of 
each space. 


Can you make a copy of the night sao ueana, fours 
at of “fs a On ty- 
numeral reader and use it omens eine 


to read these numerals Peigey. eres million, 53 
See Investigation. 





See Discussion. 


@ Can you read large number names? 


Investigating the Ideas 


Use the numeral reader to read the sentence below. 


The average distance from earth to our sun is: 
One hundred forty-eight millten, 
seventy-hine thousand, 
two hundred forty (Kilometres) 


One hundred 


ete ee aad a 


8 
Pee | 
745 


seven hundred fort 


Discussing the Ideas 


1. How would you use your numeral reader to read these numerals ? 
143 
635 


002 e 46 
592 F971 


c 29 
Diez 


2. What is the largest number you can read with your 
numeral reader ? 999 999 999 


3. Explain how you can use your numeral reader to help you 

write the numeral for these names. See Discussion. 

A seventy-two thousand, one hundred fifty-four 72 154 

B nine million, four hundred fifty-three thousand, 
eight hundred nineteen? 453 819 


In exercise 3, help the children 
observe that the numeral reader tells 
them the proper order in which to 
write the digits which represent 
millions, thousands, and so on. 


-five thousand six hundred 


Mathematics 

In the place-value scheme, a problem 
occurs in naming 5- and 6-digit 
numerals. Through the fourth place, 
each place is given a new name. (The 
first place is the ones’ place; the 


Using the Ideas 


1. Give the number of thousands. Read the numeral by using 
your numeral reader. 


3 
A 3. 942 C4 409 636409 second, the tens’ place; the third, the 
BY -1 Oe oS G10 E 82 746 962746 hundreds’ place; the fourth, the 
ce 408 212408 F438 986 503986 thousands’ place.) However, we use 


no new names from the fourth place 
to the seventh place, where we intro- 
duce the name millions. It might be 
argued that the fifth place is called 
the ten-thousands’ place and that the 
sixth place is called the hundred- 
thousands’ place, but the term thou- 
sands still applies to these two places. 
Some inquisitive children may ask 
about the names of some of the larger 
periods. The names of the periods 
following millions are given here as 
reference, even though they are sel- 
dom used. 
billion, trillion, quadrillion, 
quintillion, sextillion, septillion, 
octillion, nonillion, decillion, 
undecillion, duodecillion, tre- 
decillion, quattuordecillion, 
quindecillion, sexdecillion, sep- 


2. Use your numeral reader to help you 
write the numeral for each exercise. 
a eight thousand, six hundred thirty-five 8635 
B twenty-eight thousand, four hundred twenty-seven 28 427 
c nine hundred thirty-six thousand, two hundred five 936 205 
p four million, seven hundred ninety-six thousand, 
seventy-three 4 796 073 


3. Give the number 1000 greater than each of these. 301 B76 
A 13422342 ¢ 249 3612503e¢\£ 409 31740317 « 300876 
B 2315724 '57 p 399 264409264 300 0073°!997n 950 304. aA 
4. In each numeral below, 
one digit is red. Give 


the number the red digit 


stands for. 9° pnewee, 


Example: 27 341 
(Answer: 7000) 


a 28 436 H 622 317 tendecillion, octodecillion, novem- 
B 382 984 1 307 460 decillion, vigintillion 
Follow-up 
pene oma To give children an opportunity to 
p 637 243 k 436 872 


become more familiar with larger 
numerals, play a place-value card 
game. Have printed on fairly large- 
sized cards two sets of the digits 
QO, 1,2, . . . 9. Have the children 
form two teams of ten children each. 


513 200 t 923 465 
F 983 741 m 345 872 
« 200 700 n 407 600 





* 49 
Cr a calimaaaemih Give each team a set of digits, so 
that each team member has a card 
Using the Exercises problem once they know the answer. °° Aer we mre pea 
Exercise 1 is an oral exercise. It Amswers, exercise 4, page 49 an e iG pe eee ay pte Nak ona 
ee Auction ciedeMather. 9000 dat) ae 3 his team who also have a 
numerals such as those in exercise 3, B 80 ¥, 0 pe HOReSO oh Gl DURgSe BE EarrRttpy, 
nesoriayeniuntermtheehalkbeard, -Ci200) ba Ero for the Hate ciithis members 
j (0) 
a hi ‘ica iaiexamapyoptaityetp a cegnie : aver of the class, those not on a team, to 
participate. 4 
Assign the remaining exercises as F 3000 M 5000 Se eee ea ae 
: the first to position themselves cor- 
independent work. For exercise 3, G 700 N 600 


rectly gets a point. Those children 
not on a team may judge which team 
was quicker in forming the correct 
numeral. 


remind the children not to add but 
to think about counting by thou- 
sands. 
All of the children will benefit 
from a discussion of the Think prob- 
lem. Be sure that they are given an 
opportunity to think about the riddle Assignments (page 49) 
before the answer is given. Most of Minimum: 1-2. Average: 1-4. 
the children will understand the Maximum: 1-4. 
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PAGES 50-51 
Objective 

Given the numeral I 000 000, the 
child will have at least a limited grasp 
of how large it is in terms of associ- 
ation with smaller numbers. 


Preparation 
Materials 
numeral reader (from previous lesson) 
Since this investigation is intended 
to be treated in a light manner, you 
might begin by writing the numeral 
1000000 on the chalkboard. Ask 
the children to count the number of 
digits in the numeral. Explain that 
in this lesson they will have a chance 
to think about 1 000 000. 


Investigation 

The questions on this page are in- 
tended for enjoyment and to create 
curiosity about the size of 1 000 000. 
Answers are expected to be purely 
guesses rather than true estimates. 
There is, of course, a correct answer 
for each question but no one is 
expected to answer most of the 
questions correctly. The children 
should understand this from the 
outset. You might read the questions 
aloud and have the children raise 
hands to show their chosen answer 
for each one. Encourage all children 
to participate in the discussion of 
these questions. 


Discussion 
The following remarks might help 
you answer some of the children’s 
queries in regard to the questions. 
Research has shown that, though 
great variations occur in the number 
of hairs on a person’s head, the aver- 
age total is between 100000 and 
150 000 hairs (see “Skin,” Encyclo- 
paedia Britannica). Thus, to count 
about 1000000 hairs, you would 
have to count the hairs on 10 heads. 
An empty school bus which holds 
79 passengers weighs about 8200 
kg. If an approximate weight of one 
fourth-grade child is 36 kg, then one 
busload of fourth-grade children is 
about 8200 + 2900 or 11100 kg 
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50 





and about 90 such busloads would 
total 1 000 000 kg. 

A book of 160 pages is almost one 
centimetre in thickness, so about 
6000 centimetres would be the thick- 
ness of 1 000 000 pages. 

An average car length may be con- 
sidered about 6 metres, so a book- 
shelf about as long as 10 cars would 
be needed for the 1000000 page 
book. 

Since there are 24 hours in a day 
and 365 days in a year, 110 years 
contain 963 600 hours, so the correct 
answer is “over 110 years old.” 

You might use discussion exercise 
1 as a sample of how to make an 
estimate for these kinds of questions. 


Can you guess the correct 


answer for each question ? 





[a] There would be about 1 000 000 hairs 
_ on the heads of __ ?__ students. 


(2;@0) more than 20) 


The weight of __ ? ___ busloads of students 
would total 1 000 OOO kilograms. 
(less than 20; 4bout 90) more than 200) 


[c] A mathematics book with 1 000 000 pages 
would need a bookshelf as long 
as __?__ parked cars ? (1; 5;40) 


[p] A person who has lived 1 000 000 hours 


is _?__ years old. (10; 50; @ver 110) 


See Investigation and Discussion. 





@ How /arge is a million? 


Investigating the Ideas 











Discussing the Ideas 


1. a How long do you think it would take you to count 
to 1 million if you said one number each second ?About I2days 
B Was your guess too small or too large ?See Discussion. 


2. What number comes just before 1 million ? Show how 
to write this number. 999 999 


If you said one number each second, 
you would count to 60 in a minute, 
to 600 in 10 minutes, to 3600 in an 
hour, to 360000 in 100 hours or 
about 4 days. You would need about 
3 X 360 000 to reach | 000 000, so it 
would take about 12 days. 









3. 


4. 


. Use your numeral reader to help 


you write these numerals. 


“mgogoBD > 


. How many thousands does it 
take to make 1 000 000 ? 


One thousand or ten hundred 


Use your numeral reader to help you write these numerals. 959 992 
A nine hundred ninety-nine thousand, nine hundred ninety-eight 

B nine hundred ninety-nine thousand, nine hundred ninety- nine _ 

c the next numeral after the one in B |! 000 000 


Write the number that is 

100 more than one million... 
1000 more than one million, . 
10 more than one million... .,, 
1 more than one million.! 000 c0: 
10,000 more than one million, 
three million more than 

324 562 218. 327 5e2 218 
thirty million more than 

812 469 855. £42 469 655 

five hundred million more 
than 283 618 962.785 @18 262 


nmoose Pb 


five hundred thousa 
six hundred thousand... ..,| 
seven hundred thousan 
eight hundred thousar nd, aR 
nine hundred (eceand 
ten hundred thousand Sache Se 
(one thousand thousand) ! 9°° 9°° 


1 COCO | 


coo] 


Using the Exercises 

Assign the exercises on page 51 as 
independent work and direct the 
children to use the numeral reader 
made in the previous lesson. When 
the children finish these exercises, 
check their work carefully by having 
volunteers write their answers on the 
chalkboard. Remind the children of 
the proper use of the space. 

Note that exercises 1 through 3 
present different ways to help the 
children understand one million. 
Exercise 1 considers skip counting, 
exercise 2 concerns 1000 addends, 
and exercise 3, counting. Point out 
these approaches to the children as 
you discuss their answers. 











Using the Ideas 
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Assignments (page 51)* 


Minimum: 1-3. Average: 1-4. 


Maximum: 1-4. 





Follow-up 
If the children are capable, direct 
them to make up more problems 
using very large numbers. You can 
expect them to present problems on 
multiples of ten and one hundred that 
require finding whether a number is 
more or less than such multiples by 
using place value, not operations. 

A sample worksheet might look 
like this. 













Use > or < for each O: 
1 4007250 © 4 007 025 
2. 387200246 © 387020 426 
3. 26190378 © 26109 378 
4 17 349520 © 17 349 502 
5. 509721864 © 590721 864 





Resources for Active Learning 

Developmental Math Cards, F'8, 
Addison-Wesley. [Thinking about 
large numbers] 


Duplicator Masters, page 7 
Workbook, page 12 
Skill Masters, page 7 
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PAGES 52-53 
Objective 

Given a pictorial ‘‘base-ten ma- 
chine,’’ the child will be able to 
interpret the place value of 9-digit 
base-ten numerals. 


’ 


® Let’s explore the ““Base-Ten Machine.‘ 


Investigating the Ideas 


A card gave the machine a signal to remember the number 523. 


Preparation The lights show how the machine works. 


To prepare for this lesson, write 
several 6-, 7-, 8-, and 9-digit numer- 
als on the chalkboard for the chil- 
dren to practice reading. Call atten- 
tion to particular digits in some 
numerals and ask children to give 
their place-value meaning. For ex- 
ample, if you have written on the 
chalkboard 28372500 you might 
ask what the digit 3 represents here, 
and you are expecting the response 
300 000. However, as with all pre- 
paratory activities, limit such a re- 
view to a maximum of five minutes. 


Investigation 

Encourage children to study the 
machine and share reactions to it. 
Try to get the children to describe 
how they think the machine works 
with regard to lights on and lights 
off in the various positions. When 
the children understand how the 
machine works, have them try to 
answer the challenge question on 
their own. Then proceed to the dis- - 
cussion section. 





Can you give the number that the machine 
was signalled to remember in each part below ? 





724 306 








406 008 572 
Discussing the Ideas 


1. The 1st, 2nd, and 3rd places on the machine tell the 
number of ones. Which places on the machine tell how 
many thousands? millions? 7th, ath, and 9th 

4th, Sth, and 6th 
2. Explain what lights would be on if the machine were 


signalled to remember 9 009 O09. 
9 in the Tth place, 0 inthe Gth and Sth places, 9 in the 4th place, 
52 Ointhe 3rd and 2nd places, 9 in the Ist place 





Discussion 

During the discussion, remind the 
children of the purpose of the 
spaces and how they should be 
used to designate the millions’ period 
and thousands’ period. You need not 
stress the name of the “ones” for 
the first period since it is not spoken 
when reading a numeral. That is, we 
do not say 76 thousand, 435 ones; 
we say 76 thousand, 435. As men- 
tioned in exercise 1, use the machine 
to stress the role of the periods and 
how they help to make the number 
easier to read and understand. 


a2 


* Using the Ideas 





. Give the number the machine was signalled to remember 70° 506 


A card is put into the machine. It signals the 

machine to increase the number of ones by 4. 

A How many lights are now on in the 1st place ? © 

B How many lights do you think are on in the 2nd place? ! 


. Another card signals the machine to increase 

the number of hundreds by 5. 

A How many lights are now on in the 3rd place ? ° 
B How many lights are on in the 4th place? ! 


. Another card signals the machine to increase 

the number of hundred thousands by 5. 

A How many lights are now on in the 6th place ? 2 
B How many lights are now on in the 7th place ? ! 


. Give the number that results when each signal is given to the 


machine shown. 
A Signal: Increase the number of tens by 1. ? @!3 703 





a we 
;@eo {steve 


jeee|j|ece 
jeee| jece 


More practice, page A-6, Set 9 53 


Using the Exercises 

Note that this exercise set in the 
student book is starred in its en- 
tirety. Depending on the ability of 
your. class, you might use some of 
these exercises for discussion, en- 
courage faster children to work 
through them, or assign some of the 
exercises for all to try. If more 
capable children try exercise 5C, all 
would benefit from a discussion of 
how they arrived at the correct an- 
swer; this exercise presents a fine 
example to show ten as the base of 
our numeral system. 


Assignments (page 53)* 
Minimum: 1-4. Average: 1-4. 


Maximum: 1-5. 





Follow-up 

Some children might enjoy making a 
“‘base-ten machine” either by using 
the machine in the text as a model or 
by making up one of their own. Large 
cardboard boxes, small toy batteries 
and lights may even be used by 
some more energetic children. A less 
complicated machine might include 
sets of 9 cards for each place, each 
marked to show a number from 0 
to 9. 


Workbook, page 13 
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PAGES 54-55 
Objective 

Given population figures expressed 
in millions and thousands, the child 
will be able to answer questions con- 
cerning the comparison and rounding 
off of such numerals. 


Preparation 

If children have made a base-ten 
machine, you might use it to review 
the reading and understanding of 
large numerals. You might prefer 
simply to write on the chalkboard 
pairs of large numerals which have 
the same number of digits. Then have 
the children read them and tell which 
number in each pair is larger. Re- 
call that a review such as this should 
take only a very short time. 
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Solving Story Problems 


Populations of 10 Canadian Metropolitan Areas” 
Metropolitan Area Number of People 
Calgary, Alberta 400 154 
Edmonton, Alberta 490 811 
Hamilton, Ontario 495 864 
Montreal, Quebec 2 720413 
301 108 
596 176 
476 232 
2 609 638 
1071 081 
534 685 


Niagara-St. Catharines, Ontario 
Ottawa-Hull, Ontario-Quebec 
Quebec, Quebec 

Toronto, Ontario 

Vancouver, British Columbia 
Winnipeg, Manitoba 





1. Is the number of people in the Montreal area closer to 2 000 O00 
or 3 000 000 ? 3 000 o00 


2. Is the number of people in the Ottawa-Hull area 
closer to 500 000 or 600 000? = g00 o00 


3. Is the number of people in the Vancouver area closer to 
1 000 000 or 2 000 000 ? 4 O0e ooo 


4. We say: The number of people in the Hamilton area 
(to the nearest thousand) is 496 OOO. 
The number of people in the Calgary area (to 
the nearest thousand) is 400 OOO. 
Give the number of people (to the nearest thousand) in these areas. 
A Winnipegs3s e00 ~=—c :~Toronto 2 ¢10 000 —e Edmonton 49; 000 
B Quebec47 000 p Vancouven O71! 000 F Montreal 2 720 00 





“All population data are based on preliminary figures from 
the 1971 census, Statistics Canada. 
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Discussion 
Read and study with the children the 
data in the population chart. Have 
them read the populations of the 
various cities. Discuss with the chil- 
dren what it means to give the popu- 
lation figure to the nearest 1000 
people. Ask the children to tell what 
they think this means. You can draw 
an analogy to the idea of measuring 
to the nearest centimetre, and the 
children should. quickly understand 
that when a population figure is 
given to the nearest 1000, it simply 
means that the population is closer 
to that number of thousands than it 
is to the one before or the one after. 
Have the children work the exer- 


cises. When they have finished, give 
each child a chance to check his 
paper and to participate in a dis- 
cussion of the ideas involved. 

If your school is not in one of the 
metropolitan areas listed in the chart, 
you might have the children do some 
research regarding the population of 
your city or metropolitan area, or 
your province. Even if you do live 
in one of the areas listed in the 
chart, the children can still do re- 
search that interests them. 


Assignments (pages 54—55) 
Minimum: I-11, oral. Average: 1-11. 
Maximum: I-11. 


Follow-up 

To give the children more experience 
with place-value concepts, prepare an 
exercise sheet like the one shown. 


376 921 —thousands 


76 380 540 —millions 







Round as directed. 


35 498 657 —to the nearest 
million 





5. a Which area has the greatest number of people ? Montrea 9 745 321 —to the nearest 

B Which area has the least number of people ? Niagara St. Catherimes es 
609 890 —to the nearest 

6. The areas are listed in alphabetical order. List themMostrea\, Torort.o, Vaneouver thousand 

according to population. Place the name of the aleaHaritton Ek are 79 099 895 —to the nearest 

with the most people at the top of your list. nee ce ie, Sai million 
300 751 642 —to the nearest 

7. Montreal has about 2 500 000 more people than million 





Halifax, Nova Scotia. What is the population of Halifax ?Avevt 220 000 
Montreal, Toronto 


8. a Which areas have between 2 000 000 and 3 000 000 people ? 
Bs Which areas have between 500 000 and 600 000 people ? 
c Which areas have more than 450 000 and less than Ottawa-Hvll, Winaipes 
500 000 people ? Edmonton, Hamilton, Qebec 


9. Which area on the list has a population about 
2 000 000 greater than the Ottawa-Hull area ? Teronte 


10.a The province of Quebec has about 3 000 000 more people than the 
Montreal area. About how many people live in Quebec ? Abovt 5 720 000 
B The province of New Brunswick has about 400 O00 fewer people than 
the Vancouver area. About what is the population of New Brunswick ? 
About 670 000 
11. The population of Canada is about 19 O00 000 
more than the number of people living in the Montreal 
area. About what is the population of Canada ? About 2! 720 000 
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PAGES 56-57 


Objectives 

The child will demonstrate his 
ability to work with the concepts pre- 
sented in this chapter. 

The child will demonstrate his 
ability to work with the concepts 
indicated for cumulative review. 


Preparation 

Write several large numbers on the 
chalkboard, and ask the children to 
list these numbers in order. Focus 
attention on the place-value con- 
cepts shown by having the children 
read the number of ones, tens, hun- 
dreds, and so on. Following this, 
pick a particular digit from each 
number and have one of the children 
in the class tell the number that the 
digit stands for. 
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1. Write the correct numerals. 


a 7 tens and 878 
B 9tens and 393 


c 8 hundreds and 9 tens 890 
p 4 thousands and 54005 
—E 7 thousands and 4 tens7040 


2. Give the missing numbers. 
aA One hundred is ||ll| tens. 10 
B One thousand is || hundredsjo 
c One thousand is ||lll tens.ioo 
p ||| thousands are 1 millionijooo | 


e 994+ 1= 
F 999+1= 


nico 
niooo 








3. Study the numeral. Then give the correct word for each blank. 


Vy 
group 3 


436 507 246 


ee re nee eee 
group 2 group 1 


The digits in group 1 tell how many ones. 


a The digits in group 2 tell how many __ 
B The digits in group 3 tell how many _ 


?__, thousands 
2__ millions 


4. Write the sign (<, >) that should go in each ijl. 


a 83762 il 84 672< 


B 342 968 lll) 351 000< 


c 687 234 572 lll) 687 243 572< 


p 999 999 lll 1 000 000< 


5. Give the number that is 1 000 000 more than 


a 5000 000. 


GO00O0 000 


o 
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Discussion 
Page 56 provides a review of the 
material covered in the chapter. 
You may choose to use this page as 
a chapter test, in which case you will 
want to check the papers yourself. 
However, you may choose to use 
these exercises as a review, thor- 
oughly discussing the exercises after 
children have worked them on their 
own, or working through them with 
the class. In either case, attempt 
to give explanations which will 
strengthen their understanding of 
the ideas of the chapter. Focus par- 
ticular attention on any topics with 
which the children have had difficulty. 
You can use the Think riddles 


B 23 560. 


| 023560 


c 4862. 


10048 


A Give the smallest 2-digit numeral that has 3 as a digit. 13 
B Give the smallest 3-digit numeral that has the digits 1 and 9.109 
c Give the largest 4-digit numeral that has 9 as a digit in three places9998 


either as a part of the chapter review 
or simply as enrichment for the more 
able children, who may finish the 
page early. All children should be 
given an opportunity to consider the 
riddles before the correct answers 
are given. 


D 343 000 000. 


If the red strip ee | is the unit, what is the length 


of each strip below ? 


2 


c 
4 





If the purple strip is the unit, give the lengths to the nearest unit. 





2 UNITS 


Give the length of each segment to the nearest centimetre. 


fee ie 


Using the Exercises 

Page 57 reviews the measurement 
ideas of Chapter 1. Children will need 
a centimetre ruler for these exer- 
cises. When children finish them 
and check their work, be partic- 
ularly mindful of measurement to 
the nearest centimetre. 


apebok | | 
= fF 





by 


Resources for Active Learning 

Developmental Math Cards, H‘9, 
Addison-Wesley. [A good place- 
value game] 


Workbook, page 14 
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CHAPTER 3 
Pages 58-97 


General Objectives 

To focus attention on addition and 
subtraction concepts 

To provide experiences in working 
with equations 

To improve skills with addition and 
subtraction facts for sums through 
18 

To develop skills in adding and sub- 
tracting 

To focus attention on the inverse 
relationship between addition and 
subtraction 

To provide experiences in reasoning 

To provide experience with word prob- 
lems including work with coins 


The initial pages of this chapter pro- 
vide a review of the basic meaning 
of addition and subtraction and the 
relationship between these two op- 
erations. Following this, the basic 
principles for addition are explored 
as background for introducing col- 
umn addition and working with the 
regrouping algorithm for addition. 
Column addition is extended to 
include numbers having up to four 
digits. Word problems, including 
some money problems, are provided. 
After addition is thoroughly ex- 
plored, the lessons review some basic 
ideas about place value. Next, sub- 
traction with regrouping is intro- 
duced, including subtraction of tens, 
hundreds, and thousands. Consider- 
able work on word problems is 
provided together with material de- 
signed to strengthen the children’s 
understanding of subtraction when 
zeros occur in various positions. 


Mathematics 

To gain a clear understanding of the 
whole-number system, it is important 
to become aware of its structure. 
Much of this structure is inherent in 
_ the basic principles that govern the 
Operation of addition on the whole 
numbers. The first such principle is 
the commutative (order) principle for 
the addition of whole numbers which 
states that 


We can change the order of the 
addends, and the sum is the same. 


TSTA 


Addition and Subtraction 


Examples: 
6+8=8+6 
175 + 26 = 26+ 175 


In general, if a and b are whole 
numbers, then 
a+b=b-+a 


Another important principle that 
governs the addition of whole num- 
bers is the associative principle. Since 
addition is an operation on two num- 
bers at a time (a binary operation), 
we have an option concerning the 
grouping when three numbers such 
as 6, 4, and 5 are to be added. 

The essence of the associative 
principle (often called the grouping 
principle) is that the final sum is the 
same, no matter how the numbers 
are grouped. 

The associative principle for the 
addition of whole numbers states that 


We can change the grouping of 
the addends, and the sum is the 
same. 
Examples: 
(6+4+5=6+(4+5) 
31+ (7+ 16) = G1+7)+4+ 16 


In general, if a, b, and c are whole 
numbers, then 
a+(b+c)=(a+5)+.. 


Other important principles are 
easily introduced in the course of 
normal development. From the be- 
ginning, it is intuitively obvious to 
children that for every pair of whole 
numbers there is exactly one whole 
number that is their sum. Formally 
stated this property is referred to as 
the closure principle. The child may 
not think about it, but certainly he 
feels that when any two numbers are 
added there can be only one correct 
answer. 

Children quickly discover the 
special additive property of zero 
through carefully planned sequences 
of exercises. A formal statement of 
the zero principle follows: 


For each whole number a, 
a+0=0+a=a. 


Children may express the principle 


this way: “If I add zero to a num- 
ber, I get that same number.” 

Rearranging addends is very im- 
portant in developing the addition 
algorithm. By utilizing a generaliza- 
tion of the order (commutative) and 
grouping (associative) principles for 
addition, we can show the following 
steps for 2-digit addition. 


D3 64g (20 4a (60EE A) 
= (20+ 60)+ (34+ 4) 
Se 
234) 


Consider the mathematics of this 
simple exercise in regrouping. 


28 28+ 64 = (204+ 8) + (604 4) 


+64 = (20 + 60) + (8 + 4) 
92 = 80 12 
= 80+ (10 + 2) 
= (80+ 10) +2 
=90 43 
cy) 


Until we get to the expression 80 
+ 12, we use the same procedures as 


we do for sums like 23 + 64. For 80 


+ 12, we write 12 as 10 + 2 and then 
regroup to complete the problem. 

An intermediate step between the 
preceding kind of display and a short 
form for adding two 2-digit numbers 
may be helpful. The following exam- 
ple shows how the two processes are 
related, and it also shows how to 
explain the algorithm to children. 
Italic numerals show the relation 
between the processes. 


Intermediate Step Algorithm 
28 1 28 
+64 +64 
al 92 
80 
92 


We rely heavily on the relationship 
between addition and subtraction in 
developing subtraction of 2-digit 
numbers. By pointing out that find- 
ing a difference is the same as finding 
a missing addend, we present the idea 
that we can subtract in columns be- 
cause we can add in columns. 

Consider the following example of 


2-digit subtraction in which re- 
grouping is unnecessary. 

75 — 23 = (70 + 5) — (20 + 3) 

= [(70 + 5) — 20] — 3 

We can see that in order to subtract 
23, or 20 + 3, we must subtract both 
the 20 and the 3. (See the second 
equation.) The equations illustrate 
why this situation is often confused 
with regrouping. 

Now think through a subtraction 
exercise that does require regrouping. 


34 | 34- 6= (30+ 4)— 6 


= = (20 + 14) — 6 
28 = 20+ (14 — 6) 
=20+8 
= 28 


In the first example, subtraction in 
the ones’ column was possible with- 
out regrouping. However, regroup- 
ing is necessary in the second ex- 
ample, since 6 is greater than 4. So 
30 + 4 is regrouped as 20+ 14, and 
then 6 is subtracted from 14. 


Teaching the Chapter 

Materials 

Advertising circulars 

Mail-order catalogues 

Newspaper advertisements 

Overhead projector (if available) and 
transparencies 

Play coins and currency 

Slips of paper, 5 by 10 centimetres, 


7 per child 
Vocabulary 
add matching lines 
addend minus 
addition number line 
compare order principle 
difference plus 
dollar regrouping 
equals set 
equation solution 
greater than solve 
grouping principle — subtract 
inequality subtraction 
less than sum 


In the earlier books, the children 
have often worked with manipulative 
materials to understand addition and 
subtraction concepts. Most 9- and 
10-year-olds will be able to master 
the ideas and skills in this chapter 
without resorting to manipulative 
activities. However, some children 


might benefit from using materials 
such as cubes on page 34 to under- 
stand the regrouping used in sub- 
traction. If cubes or number blocks 
are not available, use items such as 
cans or paper sacks of three or four 
different sizes for the different place 
values. You might choose to use 
some set demonstrations if you think 
the children are finding a specific 
concept particularly troublesome. 

The children will be quite familiar 
with many words in the vocabulary 
list, and should be able to use them 
in the proper contexts as the need 
arises. 
Lesson Schedule 

Plan to cover this chapter in about 
four to five weeks; the time required 
will depend largely on the back- 
ground and abilities of your children. 


Evaluation of Progress 

There are two important points to 
remember when you evaluate the 
children’s progress in this chapter. 
Part of the chapter presents addition 
and subtraction; the other part de- 
velops. an understanding of al- 
gorithms and skill in using them. 
Therefore, the two broad classifica- 
tions to be evaluated are (1) under- 
standing the concepts and (2) de- 
veloping computational skills. 

Evaluating the children’s com- 
prehension of the concepts can best 
be done on a day-to-day basis by 
noting how fully the children par- 
ticipate in and contribute to class 
discussions involving key ideas and 
discoveries. You might also use an 
interviewing technique: at convenient 
times see each child individually and 
ask him to “think aloud’ through 
a few exercises for you. In this way 
you will be able to determine if the 
child is using the algorithm with 
understanding. 

Do not expect all the children in 
your class to master completely 
the addition and subtraction algor- 
ithms presented in this chapter. The 
“Keeping in Touch” lessons, which 
are presented at intervals throughout 
the text, will give the children an 
opportunity to review the addition 
and subtraction algorithms and will 


also allow further opportunity to 
work with the children who have not 
yet attained these skills. 


Resources for Active Learning 

GENERAL ACTIVITIES 

Developmental Math Cards, ““Nim,” 
F42, Addison-Wesley 

Early Number Multi-Group Lab, 
Teacher’s Guide, Responsive En- 
vironments Corp. 

Franklin Series: Making and Using 
Graphs and Nomographs, ““Nomo- 
graphs,” pp. 19-24, Lyons and 
Carnahan (Available — from 
McGraw-Hill Ryerson) 

Math Activity Cards, “Addition Slide 
Rule,’ B6, Macmillan. [Using 
number lines to solve addition 
and subtraction equations| 

Mathex: Operations and Problems 
Solving No. 8, pp. 1-6 (pupil pages 
1, 2, 6), Encyclopaedia Britannica 
Publications Ltd. [Four skill-drill 
games]. 

Nuffield Project: Computation and 
Structure 2, “Addition,” pp. 2-18, 
Wiley. [Ideas for tables, problems, 
games and assignment cards| 

Nuffield Project: Computation and 
Structure two, “The Operation of 
Addition,” pp. 48-69, Wiley 

MANIPULATIVE DEVICES 

Abacus or Abacus Board (school 
supplier) 

Cuisenaire Rods (Cuisenaire Co.) 

Dienes Multibase Arithmetic Blocks 
(Herder and Herder) 

Grid Kit (Sigma, Scott Scientific) 


“Invicta” Math Balance (Math 
Media; Selective Educational 
Equipment) 


Papy Minicomputer (Macmillan) 

SEE Calculator (Selective Educa- 
tional Equipment) 

Unifix Math Lab Kit (Educational 
Teaching Aids; Math Media; 
Responsive Environments Corp.) 

COMMERCIAL GAMES 

Cover-up (Selective Educational 
Equipment) 

Equations (Creative Publications) 

TUF—based on a number sentence 

(Creative Publications; Cuisenaire 
Co.; TUF) 
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PAGES 58-59 
Objective 


Addition and Subtraction 


@ Are addition and subtraction related? 


Given related addition and subtrac- 
tion equations, the child will be able 
to find differences by finding missing 
addends. 


Preparation 

Materials 

slips ol paper approximately 5 by 10 
centimetres, 7 per child (Children 
may cut their own out of tablet 
paper folded into eighths.) 

Most children will know the addi- 
tion combinations through 18. How- 
ever, if they do not, spend time in 
these early lessons to see that they 
are learned. A short, brisk review 
before each lesson would usually be 
appropriate, but it should not ex- 
ceed five minutes. To prepare for 
the lesson on these pages, review the 
term equation with the children. 
Write on the chalkboard the symbols 
+, —, =, and ask the children what 
you have written and how these 
symbols are used. Then direct them 
to the text. 


Investigating the Ideas 









Cut out 7 slips of paper. 
Put one of these numerals 
and signs on each one. 










Record each 
equation you find. 


How many different equations can you 


Se UST elt Sit 
i) - 






Discussing the Ideas 


1. a Howmany of these A? 2 
B How many of these [i ? 4 
c How many shapes in all ? © 
p Can you give two addition and two subtraction 
equations for these three numbers ? 
AAS AA S&S SAA SAA 
2+4=6 4+2=6 6-2=4 G6-4=2 
2. The Addends and Sum are marked in A 
each equation. 4 is also called Aah 
the difference of 7 and 3. Give 
the names for the numbers in the . 


equations you found for exercise 1p. 
See above, exercise 1D. 


Investigation 

Read the top of the text page with 
the children. Point out the equation 
5+ 3 = 8, as a sample of what they 
are to write. Then help the children 
in cutting out their slips of paper. 
_ This may be done easily by folding a 
piece of tablet or binder paper 
lengthwise in half and then width- 
wise twice. When the children have 
prepared their slips of paper, direct 
them to search for the equations 
independently. Stress the importance 
of recording each equation they find. 


You find this 
difference 


pate get y 


3. Find the missing addend 
and difference. 15—7i=n 
when you find 


this addend. 
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Discussion children write the related equations. 


The possible equations follow. 
2+3=5(0or3+2=5) 


5 aid 
3 
SPAS BXorSi32'8) 
g—5=3 
gars 5 
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One of the main purposes of this 
lesson is to review the concepts of 
addition and subtraction and to study 
the relations between them. As you 
discuss parts A, B, and C of exercise 
1, encourage children to talk about 
the process of putting things to- 
gether to find the total. Also, en- 
courage discussion of the subtraction 
process by saying something like 


this: “If we know that the total of - 


red and blue objects is 6 and the 
number of red objects is 2, how do 
we find the number of blue objects?” 
You might find it helpful to use 
demonstration’ materials to show 
addition and subtraction and have 


As you discuss exercise 2, use 
examples to call attention to the 
terms addend, sum, and difference. 
Similarly, for exercise 3, give the 
children other examples until they 
see the relation between addition 
and subtraction and realize that they 
can find the difference by thinking 
of a missing addend. During the 
discussion, include examples written 
in vertical notation. 


. One exercise below has no 


Using the Ideas 


. Find the differences by finding the missing addends. 


An+5=94 En+6=159 1n+7=169 
9-—5= n4 15-6= n? 16/27 =n 2 
nen +.6.=.11.5 een +o= 179 31 n+9=167 
11-6=n5 17-8= n9 16-9= n7 
cn+8=135 qe nmn+5=127 kKn+8=146 
13-—8=n5 12-—-5=n7 14-8= noe 
dbn+9=156 Hnm+9=189 Ln+6=137 
15-—-9= no 18-—9= n9 13 —6= n7 


. Write an addition equation for each number-line picture. 


Boe 8 cee 


a 
eee 2s Ss AS ee Ge !C~«aStCOCC CA a 


—— ee 7 


B 
5 
7+5% We is 


. Write the subtraction equation for each number-line picture. 








Biko 5 10 15 
14-5=9 


whole-number answer. 
Find it. Then find the 
differences for the others. 


a 14 B 13 c 14 





—8 —5 —6 
7% ois ~ 8 
pd 13 Eye! F 12 
—0 —9 —7 
“1 No whole- a 
answer 59 
Using the Exercises concepts are the chief apparent 


Before assigning the exercises on concern. 
page 59, emphasize for the children 
that they can find differences by 
thinking about missing addends. Use 
examples in exercises 2 and 3 to 
review the use of the number line 
for addition and subtraction. Note 
that exercise 4E has no  whole- 
number answer. 
It would be helpful to accompany 
this page with oral and/or written 
practice on addition and subtraction 
facts. More practice will follow in 
subsequent lessons, but you should 
begin here to sharpen “‘fact skills” Assignments (page 59) 


even though in this lesson the addi- Minimum: 1-3. Average 1-4. 


tion and subtraction relations and Maximum: 1+. 





Mathematics 

Although addition may be defined 
as the union of two disjoint sets 
and subtraction may be defined in 
terms of set, subset, and the com- 
plement of a set, this terminology is 
not important for the fourth grader. 

Besides reviewing addition and 
subtraction concepts, this lesson 
Stresses the point that finding a 
difference is equivalent to finding 
a missing addend. Such an idea 
directly relates to the meaning or 
definition of subtraction. That is, 
when we define subtraction, we define 
the number a — b as the number that 
adds to b to give a. Thus, 

(a—b)+b=a. 
Therefore, to find the difference 
a—b, we find the number that 
added to b gives a. 

This approach to subtraction 
eliminates the need for children to 
memorize subtraction combinations. 
If children have a thorough knowl- 
edge of addition combinations, they 
can arrive quickly at given dif- 
ferences. Later, this same method 
is used again when quotients are 
treated as missing factors. 

Follow-up 

To help the children evaluate their 
skill with addition facts, give them 
a timed test on which they need write 
only the answers. Use a duplicated 
sheet with four small addition tables, 
or with a single table such as the 
one illustrated. 





Resources for Active Learning 

Developmental Math Cards, G*2, 
Addison-Wesley. [A game to re- 
view previously learned facts] 


Workbook, page 15 
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PAGES 60-61 
Objective 

Given addition and subtraction word 
problems involving only basic number 
facts, the child will be able to identify 
the appropriate operation and solve 
the problems. 


Preparation 

So that the children will be able to 
write problems like those suggested 
in the investigation, you might pre- 
sent a review of oral word problems. 
For example, make up two or three 
oral problems and have the children 
solve them, writing an equation for 
each. The problems should be simply 
stated, thus: 


13 children sat in two rows. 7 
were in one row. How many 
in the other? 


Following this, direct the children 
to the investigation, for which they 
will write problems of their own. 


Investigation 
In this investigation, children are 
to study the illustrations and write 
a word problem for each. Then, 
before solving the problems they 
write, they should first write an 
equation for each. It would be best 
to have the children work inde- 
pendently, waiting until the discus- 
sion section to develop the various 
possibilities. 

For example: 

A. Bob lives 7 blocks from school. 
Ted lives 6 blocks farther from 
school than Bob does. How far 
from school does Ted live? 
7+6=13 

B. A boy sawed off 1 metre from 
a board 4 metres long. How long 
was the remaining piece of board? 
4—1=3 

Encourage children to write short 

problems; the stress should be on 

identifying an additive and sub- 
tractive situation, not on writing 
stories. 
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A Had ll apples. 


B Had |llll cents. 


than girls ? 


60 





Discussion 
Have several children read the prob- 
lems they wrote and then write 
their equations on the chalkboard. 
Accept any correct variations. For 
picture B, for example, 4 — | = n, 
gece Mt = A) ewvel Il sp yy = Gh aune pall 
acceptable (see the note in the 
Mathematics section of this lesson) 
even though, as written, two of them 
appear as addition equations. 
Discussion exercise 1 presents ex- 
amples which concentrate on prob- 
lem-solving skills and not computa- 
tional skills. It is important for the 
child to interpret the physical situa- 
tion from the word problem and 
recognize it as being either additive 


Ate ||lll of them. 
How many left ? Subtract 


Earned lll cents more. 
How much now ? Add 


c lll boys. Illll girls. F 
How many more boys 


® Can you write and solve problems? 


Investigating the Ideas 


Can you write and solve an addition problem for 


picture a and a subtraction problem for picture B ? 





Discussing the Ideas 


p Spent ||lll cents. 
Have |llll cents left. 


—E Won |lll games. 
Lost lll games. No ties. 


Subtract 


2. Make up a problem of your own. Can you solve your 
own problem ? Problems will vary. See Discussion. 


or subtractive. After the physical 
situation of each problem is dis- 
cussed, suggest numbers for the 
problems and have children write 
and solve the equations. 

As children work exercise 2, some 
may use numbers beyond their com- 
putational skill. They should be able 
to write an equation to describe the 
problem, but it is not necessary that 
they be able to compute the answer. 


Jim is lll centimetres tall. 
Tom is Illll centimetres tall. 
How much taller is Jim ? 





ree ; 
nvestigation. 


1. The numbers in these problems are missing. Explain how 
you would find the answers if the numbers were given. 


Had how much to start ? Add 


Played how many games ?Add 


Subtract 


Short Story Problems 


6 boys in the game. 
8 boys on the bench. 
How many boys ?!4 


“O16 papers. Delivered 7. 
y) How many more to be delivered ? 9 


Magician has 12 rabbits. 


7 disappear. How many remain ?5 


Bi dogs. 7 tails. 
Dhow many dogs 
have no tails ? © 





13 jungle elephants. 
7 taken to the zoo. 
How many left ? 6 







©) 5 eggs. How many more 


needed to make a dozen ?7\. 


16 cowboys. Qhorses. : 
How many more cowboys than horses ?7 


14 girls. 6 go home. 
How many left ? © 


Gy, 1 









6 


14: 4 kites in the air. ke 
9 boys each flying Ls 
one kite. How many 


kites got away ?5 


More practice, page A-6, Set 10 


Using the Exercises 


Using the Ideas 


13 slow turtles. 7 slow 


, &@ snails. How many more 


turtles than snails ? © 





~—— 


6 hockey cards. Need 15 in 
all. How many more needed ?9 


9 girls with dolls. 
5 girls without dolls. 
How many girls ? !4 





l 4 cows. 8 horses. 
How many animals ? 12 


17-chickens. 9 eggs. 
How many more chickens 
than eggs ? 8 


17 airplanes on the ground. 
9 flew away. 6 others landed. 
How many planes now on the 
ground ? !4 
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Note that all the problems on page 
61 involve only the basic facts. Have 
the children work the exercises 
independently. When they have fin- 
ished, allow time for discussion. 
Exercise 15 is a straightforward two- 
step problem and all the children 
would benefit from a discussion of it. 


Assignments (page 61) 
Minimum: Odd-numbered problems 
1-13. Average: 1-14. Maximum: 


1413; 


Mathematics 

Because of the way subtraction is 
related to addition, one can come up 
with many different devices to trig- 
ger the subtraction operation. The 
following five examples are different 
situations which necessitate the sub- 
traction operation. 


1. We have a number, such as 8, and 
we want to know how much more 
it takes to get to another number, 
such as 17. That is, 8+ n= 17. 

2. We have a certain amount, and we 
add 6 to this amount and get 14. 
With how much did we start? Or, 
n+6= 14. 

3. How much more is 16 than 7? 
This could trigger 7 + n = 16, or 
simply 16 — 7 = n. This, of course, 
is an example of the simple com- 
parison idea in subtraction. 

4. We start with 12, and 7 are taken 
away. How many are left? This 
indicates the equation 12 —7 = 
n. This is the “take away” idea 
of subtraction and is basically the 
simplest form of interpreting 
subtraction. 

5. Starting with 16, some are taken 
away and 9 remain. How many 
were taken away? This prompts 
the equation 16 —n=9. 


The point we wish to make in de- 
scribing these five ways to trigger 
the subtraction operation is that, 
regardless of the equation indicated 
in these situations (note that in 
examples | and 2 addition equations 
are triggered), the same general idea 
can be used to solve any of these 
equations. 

Follow-up 

The children would benefit from an 
opportunity to make up several 
problems of their own. You might 
have them illustrate some problems 
for display on the bulletin board. In 
this case, encourage them to write 
the equation for the problem and its 
solution with the illustration. If they 
write short story problems, it would 
be appropriate to have them ex- 
change papers and solve each other’s 
problems. 
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PAGES 62-63 
Objective 

Given addition and_ subtraction 
exercises and problems using the basic 
facts, the child will be able to find the 
sums and differences and solve the 
problems. 


Preparation 

Spend three or four minutes review- 
ing basic facts with a brisk oral ac- 
tivity. For example, start a chain 
reaction game by asking a child for 
the sum of 6 and 8. When a child 
correctly responds “14,” he in turn 
asks for a sum or a difference from 
another child, and so on. Remind the 
children that only combinations 
from the basic facts should be used. 
If you prefer to spend a longer time 
in oral review, begin immediately 
with the discussion and save the oral 
practice until the end of the lesson. 
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Do you know your facts? 


1. Find the missing numbers in the tables. 





2. Copy each addition table and give the missing numbers. 
+/3/5 B +/31/8 ec +/5/4 pd +/15/]9 
7 |10[12 | 4 IZ 9 | ti | Wl | 14,13 7 | Al | Il |r2,06 
6 | 9 | iil} A 8 | i | 6 | ti | il 
12 ) 


3. Find the sums and differences. 


aA 8 B 10 c 16 dp 11 ewe) ‘e213 Ge 12 
+5 a! rl eels) +8 s7 -9 
“13 3 8 3 10 6 3 

H 15 I t y 15 k 11 ieee [eS mM 2 n 11 
ma +9 sel) eae. =5 acl ag 
ev, 16 8 8 8 9 : 

o~ 3 ¢tee 14 a 18 rR 11 s 16 Tr. 224 u 14 
+9 al aot) —5 —8 +9 =6 
“12 ap “18 eS 8 18 8 


4. Give the missing numbers. 


ae ee eae 
a | 9 | 13 | 





Discussion 
Both of these pages give the children 
practice with the basic facts in addi- 
tion and subtraction exercises. 

Although the tables in exercise 1 
differ slightly from those in exercise 
2, children should be able to figure 
them out by studying the examples 
that are already completed. If neces- 
sary, explain one or two examples of 
each exercise before assigning the 
page as independent work. 

When the children have finished 
and as you check their work, use 
these exercises to review the terms 


sum, difference, and addends. Assignments (page 62) 
All would benefit from a discussion Minimum: 1-3. Average: 1-4. 
of the challenging Think problem. Maximum: 1-4. 





AT THE SERVICE STATION 


See Using the Exercises. 
1. Mr. Blue greased 9 cars before 


lunch and 8 cars after lunch. 


How many Cars did he grease ? !7 
(9+8=17) 


2. Agas tank on a sports car 
holds 47 litres when full. 
8 litres have been put in. How 
many more are needed to fill the tank ? 39 
(47- 8=39) 
3. The gas tank on Mr. Brown’s boat 
holds 54 litres. When 6 litres were 
put in, the tank was full. How many 


litres were already in the tank ?+8 
(54-6= 48) 


4. Mr. Blue had a set of 7 wrenches. 
He bought a new set of 16 wrenches. 
How many more wrenches are in the 
new set than in the old ? 9 (ic-7=9) 


5. On Friday 5 tires were sold, and 
on Saturday 9 tires were sold. 
How many tires were sold 
on these two days ? |4 (5+9=!4) 


6. There are 12 cans of oil in 
a box. 7 cans are sold. How 
many cans are left ?5 (i2-7=5) 


7. There are 16 cans of auto polish 
in a box. Some are sold. 9 cans 











Resources for Active Learning 


Developmental Math Cards, F'5, 
Addison-Wesley. [A riddle] 
Discovery, Section I, Unit 3/3, 


Encyclopaedia Britannica Educa- 
tional Corp. [A “difference” game] 

Franklin Series: Patterns and Puz- 
zles, “Magic Stars,” pp. 27-29, 
Lyons and Carnahan. (Available 
from McGraw-Hill Ryerson) 

Nuffield Project: Problems—Green 
Set, No. 50, Wiley. 


Duplicator Masters, pages 8-10 
Workbook, page 16 
Skill Masters, pages, 8, 9 








are left. How many cans were sold ? 7 (!6-9=7) 


More practice, page A-7, Set 17 


Using the Exercises 

Assign the problems on page 63, 
suggesting that children write an 
equation for each. Allow time for a 
thorough discussion of each problem 
when they have completed the page. 

Do not make an issue of the vari- 
ous devices for the subtraction opera- 
tions that are illustrated on this page. 
Rather, be sure the children are aware 
of the flexibility in equations that 
might be written for various prob- 
lems. For example, in problem 2 the 
children should understand that it is 
perfectly acceptable for them to write 
n+8=17 or to write 17 —8 =n. 
Notice with them that no matter 
which equation they use, they must 
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think about the same thing in order 
to find the correct answer. 


Assignments (page 63) 
Minimum: 1-7, oral. Average: 1-7. 
Maximum: 1-7. 
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PAGES 64-65 
Objective 

Given any two of the three function 
machine components—input number, 
function rule, or output number—the 
child will be able to give the third 
component. 


Preparation 

If children have used the preceding 
book in this series they will probably 
recall the function game. For adap- 
tations of it, see the follow-up section. 
With some groups of children, you 
might want to work through a sam- 
ple function game. 


Investigation 

For this investigation, it would be 
suitable to have the children work in 
groups of three or four. Suggest that 
they first read together the descrip- 
tion of the game as Kay and Paul 
were playing it, and try to figure out 
Paul’s rule. Then they should each 
think of a rule and respond to num- 
bers their group members give them. 
Move around the room to make sure 
that they understand how to play 
the game and have correctly figured 
out Paul’s rule. Also, some may need 
suggestions for inventing a rule of 
their own. 

It would also be possible to read 
together with the class the descrip- 
tion at the top of the page and agree 
on Paul’s rule before the children 
try to invent rules of their own. You 
might then have them work in groups 
as mentioned above. 
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Investigating the Ideas 


Kay and Paul were playing the function game. 
When Kay said 2, Paul answered 5. 
When Kay said 3, Paul answered 7. 
When Kay said 5, Paul answered 11. 


When Kay said 6, what do you think Paul 
answered ? |3 
What is Paul's rule ? Double-and add | 


game with some of your classmates ? 





Discussing the Ideas 


for each input number given. | 


= 
i 


= 59 


Double and Subtract 1 





c 815 


Input numbers 


0, if even 1, if odd 





B 40 ¢ 5l 


dp 3/1 


Input numbers —> a 20 
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Discussion 

One of the important points of this 
lesson is to present children with an 
intuitive introduction to the concept 
of function. Encourage children to 
talk about the function machine. 
Work through exercises 1 and 2 to- 
gether. It would be helpful to review 
even and odd numbers as you begin 
exercise 2. Remind the children that 
an even number is two times a whole 
number and always ends in 0, 2, 4, 
6, or 8, and that an odd number is 
one more than an even number and 
always ends in 1, 3, 5, 7, or 9. 


@® How does the function machine work? 





"Qa 


Can you invent a rule and play the function 


See Investigation. 


The function game helps you understand the function machine. 
Study the pictures to see how it works. Give the output number 


pd. 1019 


Think about the function machine and tell what 


you think should go in each gray space. 


1. 


Function Rule 2. 


Add 7 


Input 





Function Rule * 8. 


ill’ 


Input 





Function Rule 


i 


Output Input 


Output 





Ls Function Rule 


« Cin) 


Input Output 





Function Rule 


Add 7 if odd 
Add 8 if even 


Output Input Output 


Using the Exercises 

Before assigning the exercises on 
page 65 as independent work, make 
sure that the children understand 
the relationship between these tables 
and the function machine exercises 


on page 64. 

Although exercises 7, 8, and 9 are 
primarily for the faster children, all 
will benefit from a discussion of 
them, and should understand them 
once correct answers are given. 

Suggest that those who finish these 
exercises quickly make up function 
rules and partially completed tables 
of their own. They may then ex- 
change these tables among them- 
selves and try to complete them. 


Using the Ideas 


3. eencren Rule 


Input Output 





6. Function Rule 


« Cnn) 


Input Output 





* 9. 


Function Rule 


7 or less: add 8 
>7: subt. 8 


Input Output 














Assignments (page 65) 


Minimum: 1-6. Average: 1-6. 


Maximum: 1-9. 





Mathematics 

The concept of a function is one of 
the most important ideas in mathe- 
matics, yet it can be presented on an 
intuitive basis very early in a child’s 
experiences. Rather than present a 
precise mathematical definition of 
function, we give examples and point 
to some significant features. 


Set A Set B 


Rule 
Multiply by 2 
and add | 
(2n + 1) 


If we take a number from set A, 
and apply the rule, we get exactly 
one number in set B. Hence, we get 
the set of pairs, (3, 7), (7,15), (5,11), 
(12,25), and (40, 81). One essential 
feature of these pairs is that for each 
first number, there is exactly one 
second number. 

It is important for you, the teacher, 
to recognize that the function rules 
in this lesson are by no means 
unique. Each table leads the children 
to a particular rule. However, other 
rules are possible, and it is not im- 
probable that some child will invent 
a rule that works for a given table 
of values but is different from the 
one suggested in the answers. 
Follow-up 
The function game or “What’s My 
Rule’ game may be played in a 
variety of ways. You may wish to 
record the answers in tables such as 
in the text or on a grid. For exam- 
ple, draw a grid on the chalkboard, 
filling in one row, row a, with num- 
bers 10 or less. Form row 6 by using 
a rule on the numbers in row a. Fill 
in enough numbers to enable chil- 
dren to discover the rule and supply 
the missing numbers 


dur Sun leA. O65 Ve ere ae 
bY 124043 aa ee, 


Resources for Active Learning 

Franklin Series: Patterns and Puz- 
zles, “Switch. Ems. 90D. 024-25. 
Lyons and Carnahan. (Available 
from McGraw-Hill Ryerson) 

Math Activity Cards, “The Switch- 
eroo Function,’ D44, Macmillan. 


Workbook, page 17 


65 


PAGES 66-67 
Objective 

Given 2, 3, and 4 addends, the 
child will be able to recognize and 
apply the following basic principles of 
addition: order principle, zero princi- 
ple, rearranging principle, and group- 
ing principle. 

Preparation 

Materials 

slips of paper approximately 5 by 10 
centimetres, 7 per child (Children 
may cut their own out of tablet 
paper folded into eighths.) 

Unless you prefer to begin with a 
brief oral review, it would be suit- 
able to begin this lesson immediately 
with the investigation. 


Investigation 

Unless you have slips of paper pre- 
viously cut and ready to distribute, 
guide the children in folding and 
cutting tablet paper into eighths. 
Instruct them to work independently 
in writing their equations. Remind 
them to record their equations care- 
fully. There are six different equa- 
tions for the children to find using 
3 addends: 


P34 4 9 3 deo 
24+443=9 44342=9 
34244=9 44743=9 
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e number. 
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Discussion 

One of the main points of this lesson 
is to show how the order principle 
and the grouping principle may be 
combined into a “rearrangement”’ 
principle whereby the sum of the 
addends does not depend upon the 
arrangement of the addends. 

In working through the discussion 
exercises with the children, you may 
find it worthwhile to extend exer- 
cises 1 and 3 by presenting other 
equation pairs that exemplify the 
order principle and the grouping 
principle, before children encounter 
the generalization of each in exercises 
2 and 4. In exercise 5, be sure the 
children understand that the term 


Investigating the Ideas 


Cut out 7 slips of paper. 
Put one of these numerals or 
one of these signs on each one. 


How many different equations 


with 3 addends can you “write” 
with your slips of paper ? 


n 


See Investigation. 


7. Explain each of these principles in your own words. 


IE See ex. 2. 





® What are the basic principles for addition? 





Record each 
equation you find. 





Discussing the Ideas 


1. Solve these equations. 
a5+3=m&p834+5= nm&c 64+4= nlOp 44 6= nio 


2. Can you change the order of two addends and get the same sum ? Yes 


3. Solve these equations. Add the shaded numbers first. 
a (2683) +1= 
2+ GEM) = ne 


4. Can you change the grouping of addends and get the same sum ?¥es 


sp 2+ GERM = ni 
(QMS) + 4= ni! 


ne 


5. When you add three or more numbers, can you rearrange 
them in any way you wish and get the same sum ?¥es 


a9 ; 
6. What is the rest IE when) ou add zero to any number ¢ 





DIE See ex.4. 


See 


inciple 2°< a See ex. 6. 





rearrange can mean either to change 
the order or the grouping or both. 
Provide specific examples of equa- 
tions with addends of 0 in connection 
with exercise 6, 


. Each exercise suggests an example of the 


order principle. Give the example. 


* A 
pl ee 

A 
y A 


(Answer: 4 + 2 = 2 + 4) 


c Jump 3 metres. Then jump 4 metres. 


2 es 


3 metres 4 metres 





Jump 4 metres. Then jump 3 metres. 


Ser omen a Ae 


4 metres 3 metres 





. In each exercise, the two sums are the same. To find the sum, 

use the grouping that is easier for you. 

B (9+ 7)+3 
9<-ft(fia=s)" 


a (2+ 8)+7 
26e (84-7) 24 


. For each part of exercises 

a and s, add the red numbers 

first. Then find the sum. Is each 

sum the same ina ? in B ? Yes 

aA 34+44+5 8B 2+54+4+6 

462+ 5+ 446 
34+44+5 2+5+4+6 


. Solve the equations. 

a9+0=n9c 04+99= 19 

B0+56=nvbd 784+0=n 
56 784 


. Find the sums. Look for ten. 

a2+7+8t71v 54+20+ 530 
B3+94+1i3£ 6+88+498 
c SU rorer Te 75+5+58a5 


Using the Exercises 


9+42 449 
B Start at 9. Count forward 4. 
Start at 4. Count forward 9. 


3+4=-<+4+3 





If necessary, you may use exercise 1 
as a basis for further discussion of 
the order principle, and exercise 2 
as a basis for further discussion of 
the grouping principle. Assign the 
remaining exercises as independent 
work. ; 

Encourage many children to try 
the Think problem. They may need 
an explanation of the chart and of 
the addition and subtraction sym- 
bols on it. After they have been 
given an opportunity to try the 
Think, draw one of these tables on 
the chalkboard and conduct a class 
discussion. The children must look 
for a pair of numbers whose sum 


Using the Ideas 





oe O9 1) 017 


995. (1417) 
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will be a certain number and whose 
difference will be a certain number, 
according to the table entries. If 
several children explain how they 
arrive at a correct answer for a 
given part of this exercise, it may 
encourage those who were unsuccess- 
ful to attempt another part of the 
exercise. 


Assignments (page 67) 
Minimum: 1-4. Average: 1-5. 
Maximum: 1-5. 


Mathematics 
The commutative, or order, principle 
for addition is stated as follows. 


For any whole numbers a and 5, 
a+b=b-+a. 
The associative, or grouping, 
principle for addition is stated: 


For any whole numbers a, b, and c, 
(a+ b)+c=a+(b+ 0c). 

The fact that we can change the 
order and the grouping of numbers 
in addition permits any rearrange- 
ment that is convenient for three or 
more addends. 

Since three numbers can be ordered 
six ways and since each of these 
orderings can be grouped in two 
ways, three addends such as a, b, 
and c can be ordered and grouped 
in 12 ways: 

(¢ +. Db) (Ca) 4 D(a 6) 
Qe (BoC) Ga (GD) Pate Caaa) 
a7 (c's D).c 4- (Dita) bo (a ey 
(2-0) 4 Phe 2) a (0 tG) ene 

We can proceed down this list and 
verify the equality of these expres- 
sions by alternately applying the 
grouping and order principles for 
addition. Even without this complete 
list, we can prove the equality of 
any two of these expressions by 
using the order and grouping princi- 
ples. To show that c+(6+a)= 
b+(c+ a), we offer two proofs. 
First proof: 
c+(b+a4)=(c+56)+a grouping 

= (b+ c)+a order 
=b+(c+ a) grouping 
Second proof: 
c+(b+a)=(6+a)+c order 
=b+(a+c) grouping 
=b+(c+a) order 

Another important idea in this 
lesson is that the grouping principle 
allows the omission of parentheses 
from expressions involving the sum 
of three numbers. Since we can group 
the numbers in any convenient way, 
the expression will be just as mean- 
ingful without parentheses (we will 
get the same sum regardless of how 
we consider the grouping). 
Resources for Active Learning 
Developmental Math Cards, F°10, 

G*°9, G19, G°10, Addison-Wesley. 
Duplicator Masters, page \1 


Workbook, page 18 
Skill Masters, page 11 
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PAGES 68-69 
Objective 

Given 2-digit addends which require 
regrouping, the child will be able to 
find the sum by using the addition 
algorithm to do the required regroup- 
ing. 
Preparation 
Use a short oral drill to prepare for 
this lesson. For example, review the 
basic facts to 18 by using the ‘‘What’s 
My Rule” game described on page 
65, or quickly call out facts and 
ask the children to respond with the 
sums. Also, you might wish to pre- 
sent as review a few problems 
involving 2-digit addends where no 
regrouping is required. Though the 
exercises provided for this lesson 
contain enough such problems to 
meet review needs, the emphasis is 
on problems which do _ require 
regrouping. In all cases, keep the 
preparation activity short and lively. 
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“in the 70's” ? 


“in the 80's” ? 


Th 74 
Seema 
Bos 460708 


See Discussion. 
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Discussion 
Allow sufficient time for a thorough 
discussion of each exercise. Have the 
children quietly study an exercise 
before discussing it. In exercises 1 
and 2, help the children to realize 
that the sums are in the “‘80’s” only 
when the sum of the addends in the 
ones’ column is 10 or greater than 
10. Exercise 3 gives the children an 
opportunity to reason from a known 
addition fact to an unknown fact. 
Exercise 4 presents the traditional 
addition algorithm. According to 
the needs of your class, you may 
want to present a longer algorithm 
first. In such a case, explain the steps 
of the following algorithm: 


1. Which of these sums are 


Which of these sums are 


Discussing the Ideas 





75 79 RPGS 
ag +2 £6 sa 
80's 80's 70's 70's 


3. Solve and explain each equation. 
aA Since 8 + 4 = 12, we know 8 + 14 = n22 
B Since9 + 5 = 14, we know 9 + 25 = n.34 
c¢ Since 7 + 6 = 13, we know 7 + 56 = n.e2 


4. Explain each step in the example below. 








Some children may need to depend 
on this method, but most should be 
encouraged to use the shorter al- 
gorithm. Present other examples of 
the algorithm as it is shown in 
exercise 4, and have children explain 
each step. 


® Do you understand regrouping in addition? 


2. Can you tell quickly, without actually finding the sum, which 
of the sums below are in the 70’s and which are in the 80's ? 


78 


+3 
80% 





B 4+ 


c nm = 76 + 58 + 29 + 7170 


A 4ill 


+ lS 
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. Solve the equations. 
A 54+ 37+ 284+9= nize 





1. Find the sums. 
a 55 po aang c 63 dp 51 
+34 +60 +25 +76 
89 87 88 127 
Gn H 88 1 63 ee 7. 4: 
+79 +66 +49 +58 
124 154 the 132 
m 91 n 34 o 43 Pp 55 
+19 +87 +99 +88 
110 121 142 
2. Find the sums. 
Al 11 B 67 Cie esi. 
23 20 31 
+35 +31 +34 
~ 6 ie 137 
pd 42 = So) BS 26 
20 19 a7 
+86 +24 +12 
~ 148 73 75 
amesy eu - 28) tT 2I 
16 27 el 
+28 +26 +58 
Bl ry] 152 


D 
17+ 364+ 8= nes E 
F 


. Copy each problem. Give the missing digit for each Ill. 


2 ps8 Siiii? c 5il9*%p Oll7 Ke 56 %F_ Tile 

3 +45 +35 +4il4 98+iliile + lll7e 
128 94 111 145 143 
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More practice, page A-7, Set 12 


Using the Exercises 

Assign the exercises on page 69 
carefully. Consider asking slower 
children to do only alternate rows 
so that they can try each type of 
problem without bogging down. 
Notice that exercise 4 is the recon- 
struction type in which the children 
must find certain missing digits in 
addition problems. Parts D, E, and 
F are starred, and they are intended, 
along with the Think problem, for 
more capable children. Because this 
material is difficult, not all your 
children will be successful with it, 
but most should benefit from an 
explanation of the strategies used by 
those who do solve these problems. 





n = 64+9+4 78+ 8159 
n = 85+9+7+4 39 \40 
76+ 844+74+3= nr70 


Using the Ideas 





E 34 F° 63 
+85 +54 
119 117 

Kk 85 Lc 96 
SO +76 
152 i772 

ea 56 r 99 
+89 +89 





One strategy for solving the Think 
problem would be to consider that 
the “‘middle’? number of any three 
which add to 21 would be 7, so 7 
should be written in the centre 
circle. This leaves 14 for the sum of 
the two numbers opposite each other. 
The smallest in the set, 2, and the 
largest, 12, total 14, so 2 and 12 are 
one of these pairs, and so on. 


Assignments (page 69) 
Minimum: 1. Average: 1-3. 
Maximum: 1-4. 


Follow-up 

To give the children additional prac- 
tice, prepare a worksheet similar to 
the following: 


‘Find the missing digits. 






\l4 36 Silll7 IIIS 
+ 2illl Fill HIllI9Iil +2llll 
97 61 O35 90 









3ill 
+ III7 
95 


IIl9 
+4lll 
127 


6lll 
+7 
94 





HIlI7 
134 








To improve children’s understanding 
of place value and regrouping, small 
groups might play the following 
game. 

Have a deck of cards from which 
the jokers have been removed. Each 
of two, three, or four children should 
label place-value spaces in front of 
them on a piece of paper. Each child 
picks three cards from the deck 
placing them in order in the ones’, 
tens’, and hundreds’ space. Each of 
the cards ace through ten has its 
numerical value and all face cards 
have the value of ten. The child must 
write a base-ten numeral to show 
what number his cards total. For 
example, the following arrangement 
would be written as 810. 





(Notice the opportunity for practice 
in regrouping.) The child with the 
highest number after three hands 
wins. 
Resources for Active Learning 
Discovery, Section II, Unit 10/3, 
Encyclopaedia Britannica Educa- 
tional Corp. 
Mathematics in Modules, 
Addison-Wesley. 
Nuffield Project: Problems—Green 
Set, No. 19, Wiley. 


WNI11, 


Duplicator Masters, page 12 
Workbook, page 19 
Skill Masters, page 12 
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PAGES 70-71 
Objective 

Given a magic square with sufficient 
addends shown, the child will be able 
to find the missing addends. 


Preparation 

It would be appropriate in this lesson 
to begin immediately with the in- 
vestigation. However, if you prefer 
a warm-up activity, use a short oral 
drill of the basic facts. You might 
include sums of three addends, such 
as 8+ 7+ 9, for which the child 
might think, “Eight plus seven equals 
15; 15 plus nine equals 24.” 

You will find it quite helpful to 
provide the children with this type 
of oral practice from time to time 
throughout the school year. Most 
children enjoy this type of work more 
than written work. You will find that 
with some practice they become quite 
good at mental addition of three or 
four numbers. 


Investigation 

For this investigation, the children 
should work directly from the text. 
Make sure that they understand the 
significance of the arrows and realize 
how to find the sums. For those who 
finish quickly as well as for those 
who need other examples, write a 
few more magic squares on the 
chalkboard, such as the two below. 





(Sum: 21) 


Try to heighten the children’s 
enthusiasm for the investigation by 
encouraging them to find out why a 
magic square is called “magic.” Of 
course, the response should be that 
it is a magic square because the sum 
of the numbers in any row, column, 
or diagonal is the same. 


70 


in your square. 
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Discussion 

Encourage children to share their 
reasons for believing that the squares 
in the investigation are or are not 
magic squares. The completed square 
in exercise 1 will be a magic square 
with the “magic sum” of 21. Care- 
fully work through exercise 2 with 
the children. For example, you might 
show them how to add along the 
row in which all three addends are 
given to find the magic sum. Then 
help them see that they must add 
the two addends in a row and use 
that sum and the magic sum to find 
the missing addend. Note that the 
magic squares provide an excellent 
opportunity to practice addition and 







The sums of the diagonal numbers are Aig 
an you write a sentence that tells 


why 2 is not a MAGIC SQUARE ? 


tne same as the sums of the rows and colum 


1. Copy this figure. 
Add 2 to each nu 
magic square above and put 
‘the sums in the same positions 


a Do you still have a magic square ? Yes 
B What is the ‘‘magic sum” ? 2) 


2. Find the sumalong the colored arrow. 
a What is the magic sum ? !5 
B Can you find A, B, and C so 
this will be a magic square ? 


@ What is a magic square? 


Investigating the Ideas 


| E Find the sums a through u 
to see why this is a 
mcr SQUARE. 


















Discussing the Ideas 


mber inthe -—= 


HEE 





to find differences by thinking of 
missing addends. 





Follow-up 
Encourage children to make up 
magic squares of their own. If you 
have them shade the squares with 
crayon they would make an attrac- 
tive display. Also it would be wise 
to have two or three children ex- 
change magic squares and check 
each other’s work before you put the 
squares up for display. 

Resources for Active Learning 

Experiments in Mathematics, Stage 
1, pp. 50-51, Houghton Mifflin. 
(Available from Thomas Nelson 
& Sons) 

Math Activity Cards, C40, D38, 
Macmillan. 

Mathex: Operations and Problem 
Solving No. 8, pupil page 10, 
Encyclopaedia Britannica Publi- 
cations Ltd. 

Teaching Aids for Elementary Mathe- 
matics, pp. 102-108, Holt, Rine- 
hart and Winston. 


Workbook, page 20 


Using the Ideas 


1. a What is the magic sum? '8 
B Find numbers for A, B, 
and C that make this a 
magic square. 








* 3. See if you can find 
the missing numbers 
that will make this 
a magic square. 
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Using the Exercises 

Assign the exercises on page 71 as 

independent work. Help any children 

who have difficulty mastering the 

method of finding the missing ad- 

dends. Those who finish’ quickly 

might enjoy making up magic 

squares of their own. If they find 

such a suggestion difficult, tell them 

that studying the diagonal rows 

might give them a hint on \how to 

begin. Note that one of the diagonal 

rows always contains a consecutive 

sequence such as consecutive \whole 

numbers, consecutive even numbers, 

or consecutive odd numbers. This is Assignments (page 71)* 
not true, however, of squares with Minimum: 1-2. Average: 1-2. 
an even number of rows. Maximum: 1-3. 


a 





PAGES 72-73 
Objective 

Given 3-, 4-, or 5-digit addends, the 
child will be able to find the sum by 
regrouping. 
Preparation 
To prepare for this lesson, plan a 
short warm-up activity to provide 
practice in the basic facts and in 
using the basic facts in adding tens 
and hundreds. For example, ask the 
children for sums of pairs such as 
6+ 8 and 60+ 80, 7+ 9 and 70 + 
90, 8 + 3 and 800 + 300, 7+ 6 and 
700 + 600. 


T2 


® What is new about finding larger sums? 


Discussing the Ideas 


1. You can use what you know about adding 2-digit 
numbers to help you add 3-digit numbers. Study 
the example. Give the missing digits. 


Try these. 


aA 528 





Ti 


Discussion 

Study the displayed algorithm in 
discussion exercise 1 with the chil- 
dren. If some of your children use 
the algorithm with partial sums, 
have them demonstrate how this 
method can be applied in the dis- 
played example; that is: 


4 
+ 3 9 
3 








5 Ill 


3. Here is a way you might find sums 
mentally. Study the steps carefully. 


Ape 
+35 
62 

o. 247, 


+69 
11@ 


E 466 


+58 
524 


the partial-sums method, but en- 
courage most to learn the algorithm. 
Let the children work through parts 
A and B of exercise 1 on their own; 
if possible have several children 
work at the chalkboard. Let some 
of them explain the step-by-step 
procedures they use. 


564 Then study with the children the 

4-389 column addition display in exercise 

13 2 in the same manner as described 

_ 140 above. Expand exercise 3 to include 

+800 other examples, depending upon the 
953 children’s needs. 


Depending on the abilities and 
needs of the children, present other 
examples of the algorithm. Some 
children may still benefit from using 


With additional practice material 
you yourself prepare, you might 
want ‘to treat this lesson as more 
than a single day’s work. 


+235 
763 


785 


+368 
1153 





Try these. 


399 
730 
+854 
1983 


425 
693 
+747 
1865 





Try these. 


B 56 


+35 
91 


dp 68 
+57 
125 

F 946 


+75 
1021 


Follow-up 

Prepare a duplicating master with six 
or eight of the following octagonal 
shapes. Write addends on six of 
them, leaving the outer ring blank, 


Using the Ideas 


1. Find the sums. 
a 637 Be i102 e), 627 dp 384 eE 490 








as in the illustration. Leave some of 

22" aed ee panes 2a them completely blank so that the 
hild s 

e 307 ReGOG nuek939 1 785 , 897 children can complete some practa 


gons of their own design. 


+892 +184 + 384 +368 +106 
1199 810 1323 1153 1003 Find the sums. 
Kelolc t 625 mum 413 n 652 o 92 
+956 +785 +589 +73 +658 
~ 334 ~ {410 ~ 1002 725 ~~ 750 


2. Find the sums. 


Reetroao Bo FGS46 tegeekOO7,. p 2027 ~ “E> ©21 234 


+7047 +2478 +9687 +8596 +36 897 
~ 6836 5024 Tl 254 10 623 ~ 58 131 


3. Find the sums. 
a 243 B 568 c 68 p 635 eE 428 











572 57 322 Aad 35 
+146 +223 +417 +511 eae) 
96! 848 807 {590 469 
F 465 Gc 526 H 456 1 7764 Jy 3993 
874 204 383 6752 7306 
+956 +789 +49 +8568 +8541 
2295 ISI? 


Duplicator Masters, pages 13-14 
Workbook, page 21 
Skill Masters, pages 13-14 


4. Solve the equations. 

632+ 754+ 8= n7i5 
68 + 232 + 40 = n 340 
n=9+6+4 344 346% 
n = 876 + 345 + 23 !244 
693 + 27+ 8= n7228 
87+ 9+ 658 = n 754 
n = 658 + 26 + 37 +.9, 
759 + 88+ 544+ 8= ies 





za7ntmmoose p 


More practice, page A-8, Set 13 73 





Using the Exercises 
Assign exercises 1 and 2 on page 73 
as independent work. Exercise 3 
might be developed in discussion, and 
other examples presented with it. 
However, if children understand re- 
grouping with two 3-digit addends, 
the transition to column addition 
should not present much difficulty. 
You may wish to give each of the 
children discs of paper or tagboard 
to manipulate to try to solve the 
Think problem. One possibility: 


e 
SO gnenue, 7 
{\e e e” Assignments (page 73) 
ee eo Minimum: 1-2. Average: 1-3. 
oe Maximum: 1-4. 
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PAGES 74-75 
Objective 


Given a calorie chart and questions 
related to it, the child will be able to 
answer the questions by using data on 
the chart and finding the sums and 
differences. 


Preparation 

Because of the nature of the investi- 
gation in this lesson, it would be 
appropriate to proceed with the in- 
vestigation without preparatory ac- 
tivity. 

Investigation 

Read the text at the top of page 74 
with the children, encouraging dis- 
cussion of these ideas. Then refer to 
the chart on page 75. Although this 
is simply a hypothetical menu for one 
day, children will find on it many 
items that they themselves eat. You 
might add to the chart in the text 
by writing the following data on the 
chalkboard or on a prepared dupli- 
cated worksheet. 


Calorie Chart 


Hot dog 254 
Hamburger 360 
Peanut-butter and jelly sandwich 350 
Hero or submarine sandwich 805 
Pizza, one piece 245 
Potato chips (8-10) 110 
Orange 70 
Banana 85 
Chocolate bar UNS) 
Brownie 120 
Cola drink 107 
Ice cream 167 
Chocolate malted 450 
Chocolate cake 356 
Jelly doughnut LS 
Apple pie S31 
Hot fudge sundae 
Banana split 




















(If you desire a more complete chart, 
refer to “Nutrition,” World Book 
Encyclopedia.) Note that the in- 
vestigation question is aimed at 
individuals, so the children need not 
work in groups. However, free shar- 
ing of ideas might stimulate chil- 
dren to make up problems of their 
own. 
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Discussion 





@ How many calories are in the food you eat? 


Investigating the Ideas 


Foods which supply more 
calories give us more energy. 
Nine- or ten-year-old girls 
and boys need about 2000 
calories each day. 


The food we eat gives us 
energy to work and play 
and keep our bodies warm. 
Some foods give us more 
energy than others. 


All your meals 
in one day 


All the pizza 


you can eat Your breakfast 


Can you find the number of calories you would get from 


each of the examples abov or from a meal you choose ? 
Answers will vary. ‘See Investigation. 





Discussing the Ideas 


1. Which activity do you think 
uses more calories ? Running 





running 


de 4, 


2. Who should eat more ? 
Football player 





business man football player 


3. It takes 7700 ‘‘extra’’ (above what you need) calories to 
gain one kilogram. How many ‘‘extra’’ milkshakes (500 calories 
each) would you need to gain one kilogram ?About 15 
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For example, some may add 500 





The children should try to guess the 
answers for discussion exercises 1 
and 2 before you give them the 
following information: 


Activity Calories used 
per kilogram per hour 
(approx.) 

running TY, 
reading 1 
playing football 8 
businessman 

(desk job) 2 


Exercise 3 may be worked in a 
variety of ways, and it would be good 
to let the children use their own 
methods in approaching the problem. 


repeatedly until they reach 7700; 
others may subtract 500 repeatedly 
from 7700; still others may recall 
enough about division or missing 
factors from their work in Book 3 
to apply these concepts here. All 
should benefit from a discussion of 
the various approaches that are used. 











Jack made a chart to show 
his supply of calories for 
one day. Use his chart to 
answer these questions. 


ie 


*6. 


How many calories 
did Jack get from 

a_ his breakfast ? 323 
B his lunch ? 831 

c his dinner ? 1013 


How many calories did 
Jack get in all ? 2378 


How many calories did 
Jack get from milk 
and juice ? cea 


How many calories did 
Jack get from the 
sandwich and the pie ?593 


. Jack made this chart of 

his calories 

for one week. 

A How many calories did Jack get during 
the 5 days of the school week ? !! 962 

B How many calories did he get on the weekend ? 

c What was Jack’s total calorie supply 
for the week ? !7 !47 


Jack needs 2000 calories a day to maintain his weight. If he 

gets about the same number of calories each week as in exercise 5, 
how many weeks does it take Jack to gain 1 kilogram ? 
(Remember 7700 ‘‘extra’’ calories are needed to gain 1 kilogram.) 
About 2% weeks 


Using the Exercises 

You might choose to use page 75 
as a basis for discussion. Read and 
study the calorie chart and the table 
directly below it. 

Because of their exposure to pub- 
lic interest in dieting and calories, 
some children may have interesting 
comments to contribute during a dis- 
cussion of the chart. 

Following this discussion, give the 
children an opportunity to work the 
exercises. Although exercise 6 is 
starred, you should include all chil- 
dren in its discussion. When all the 
children have completed exercises | 
through 5, allow time for checking 
papers and for discussion. 








Using the Ideas 








Assignments (page 75) 
Minimum: 1-5, oral. Average: 1-5. 
Maximum: 1-6. 


Follow-up 

As a follow-up for this lesson, ask 
the children to keep records of their 
own caloric intake for a given meal, 
day, or week. Or, ask them to choose 
a lunch or a day’s meals and then 
write a set of problems based on the 
data they selected. The children 
might like to trade papers and do 
one another’s exercises. 


Duplicator Masters, page 15 
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PAGES 76-77 
Objective 

Given word problems involving 
money, the child will be able to solve 
the problems by adding and subtract- 
ing the numbers represented by the 
dollar and cent notation. 


Preparation 

Write the dollar symbol ($) on the 
chalkboard and ask children to ex- 
plain how and when they use it. 
Have a few children write on the 
chalkboard an amount of money 
you tell them, and have the class 
read the amounts. 


Investigation 

Read the directions with the class. 
Suggest that they carefully record 
the pairs that they choose. Their 
possible choices are: 


model and doll 
baseball and doll 
baseball and book 
doll and record 
doll and book 


During investigations such as this, 
allow children the freedom to share 
ideas among themselves but stress 
the importance of individual achieve- 
ment. Since some may finish more 
quickly than others, you might write 
this additional question on the 
chalkboard: 

What pairs of gifts could you buy 
if you had $5.50? (besides the pairs 
listed above: model and book, model 
and baseball) 


76 








See Discussion. 


1. Had $3.24. 


2. Electricity . 
Water . 
Telephone . 
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Discussion 

The main point of this lesson is to 
help children realize that adding 
numerals written in dollar and cent 
notation is analogous to adding 


whole numbers. Although the dollar. 


and cent notation utilizes the concept 
of decimal fractions, the concept 
need not be discussed at this level. 
The exercises in this section illustrate 
how a number such as $2.75 may 
be thought of as 275¢. Thus, children 
should have little or no difficulty in 
adding numerals written in dollar 
and cent notation. Point out that a 
column addition may be written as 
illustrated at the right. 


Can you list the different pairs 
of gifts you could buy ? 


Explain how you can 
use these sums to dh File ; 
give answers to these ; 


short money problems. 


Collected $5.99. 
Have how much now ? $2.23 


How much for all three ? $18.53 


@ /s “adding” money like adding whole numbers? 


Investigating the Ideas 


Suppose you have five dollars 
to spend on two of these gifts. 











Discussing the Ideas 





$9.22 
$3.24 3. Meat . $5.14 
$6.07 Other groceries . $8.69 


How much in all ? $13.83 


$9.22 
3.24 
6.07 


$18.53 

Note that the addition may be per- 
formed on it directly; it should be 
understood that each dollar and cent 
amount may be thought of as an 
amount of hundreds or thousands of 
cents. Call attention to the notation 
used with column addition; point 
out that the dollar sign is usually 
written only at the top of the column 
and in the answer. 





Planning a Camping Trip 


Carol's family is getting ready for 
a camping trip. Here is a list of 
some of the things they might need 
and the cost of each item. 


1. Carol used part of her money to buy an air mattress 
and a campground guide book. How much did she spend ? $9.84 


2. Kent wants to earn enough money to buy a sleeping bag 
and a hunting knife. How much must he earn ? $23.25 


3. What is the total cost of the tent and the camp stove ?$ |20.44 


4. Alan has $11. How much more does he need to buy 
a flashing lantern and a knife-axe set ?¢3.46¢ 


5. a Each of the five members of the family bought 
a canteen set. What was the total cost ?4$ 19.20 
sB Would they have paid more or less if they had bought two 
aluminum cook sets instead of the five canteen sets ? Less 






* 6. 


How much more or less ? $!-82 less 


Find the total cost of all the equipment listed. 4 \g0.52 


Using the Exercises 

Read with the children the material 
which introduces the word problems 
on page 77. Give them considerable 
freedom in talking about the various 
prices given and the kinds of sup- 
plies needed for a camping trip. If 
any of the children have had camp- 
ing experiences, they might be able 
to add a great deal of interest to 
this discussion. 

Following a discussion of the 
camping supplies, have the children 
work the exercises. Note that exer- 
cise 4 is a two-step problem. Exer- 
cise 5A may be solved by repeated 
addition, but some children may use 


Using the Ideas 


ae 


multiplication. The solution to exer- 
cise 5B also requires a combination 
of steps. 

When the children have finished 
the exercises, allow additional time 
for them to discuss camping and the 
problems presented here, as well as 
other problems which they might 
suggest. 


Assignments (page 77) 
Minimum: 1-5, oral. Average: 1-5. 
Maximum: 1-6. 





Mathematics 

One could maintain that the use of 
the decimal point in exercises in 
finding total amounts of money in- 
volves fractional-number concepts 
and a certain amount of study of 
fractional numbers. However, until 
fractional numbers are covered care- 
fully, the children should be told 
simply that this decimal point is a 
dot separating the numerals which 
tell the number of dollars from the 
numerals which tell the number of 
cents. Of course, the observation that 
in the second, or tens’, place we have 
the number of dimes and that ten 
pennies make a dime, and that in 
the third place we have the number 
of dollars and that ten dimes make 
a dollar draws an analogy between 
this situation and regular 3-digit 
problems. Hence, the regular addi- 
tion algorithm is used to find the 
total amounts of money in this 
standard notation for dollars and 
cents, and nothing need be said to 
the children regarding the mathe- 
matical concepts involved in decimal 
notation. 

Follow-up 

Encourage children to make up prob- 
lems of their own, using either the 
equipment suggested in the text or a 
list of their own. If possible, have 
available magazines which contain 
camping, fishing, or hunting ads, for 
the children to use while writing 
their problems. 


Duplicator Masters, page 16 
Workbook, page 22 
Skill Masters, page 16 
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PAGES 78-79 
Objective 

Given the first 4 or 5 terms of a 
sequence which has a simple pattern, 
the child will be able to find the pat- 
tern and give the next four numbers 
of the sequence. 


Preparation 

If you wish to prepare for this lesson 
with an oral activity, give the chil- 
dren some skip-counting activities. 
For example, have them count by 
twos, threes, fours, and fives; or 
start with a number such as 17 and 
have them count by twos or threes. 
You might point out to the children 
that in these activities they are fol- 
lowing a pattern. 


Investigation 

Read the directions with the children. 
Explain that they must first study 
the sequences in the text to see if 
they can find a pattern. Then allow 
ample time for the children to make 
up their own sequences before asking 
classmates to find the pattern. You 
might suggest to the mathematically 
creative children that they try to 
make up several sequences. If some 
children have difficulty finding the 
pattern in the sequences in the text, 
show them a simple sequence such 
aso, GeO°712) "15, 8. and hep 
them realize that each new number 
is the sum of the previous number 
and 3. Often children need con- 
siderable practice with patterns be- 
fore they are able to recognize one 
on their own. 
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® Let’s explore sequences with patterns. 


Investigating the Ideas 


A sequence is a list of numbers. Some sequences have a pattern. 
Can you find a pattern and give the next four numbers for each of 


these sequences ? 









3! 


oT 43 


32 64 128 256 


om me i fe EF 


2i 34 55 


ares 
bs 7 , 


Can you make up a sequence of your own and see 








if one of your classmates can find your pattern ? 


ene: 
vestigation. 


Discussing the ideas 


1. Explain the pattern for sequence a. 


Add G@ to the preceding number. 


2. Do you think the twentieth number in sequence s_ will be as 


large as 10 000 ? List as many numbers as you need to find out. 
See Discussion. 


Can you explain how this diagram explains the pattern for 
the two preceding numbers to get 


sequence c? each successive number. 
Bib Nisa 





a Guess how many more numbers you would need to list in this 
sequence before you reached a number larger than 1000. 1 more 

B List the numbers in the sequence until (Guesses will vary) 
you reach a number larger than 1000. see Discussion. 
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Discussion 

Work through the discussion exer- 
cises carefully. For exercise 2, chil- 
dren will have to develop sequence 
B as follows: 2, 4, 8, 16, 32, 64, 128, 
256, 512, 1024, 2048, 4096, 8192, 
16 384. 

They may be surprised to see that 
it only takes fourteen numbers to 
find a number greater than 10 000. 

Similarly, in exercise 3, they may 
be surprised to find that they need 
list only sixteen numbers to surpass 
L000: Tos 3, Sei he lode Do. ok 
144, 233, 377, 610, 987, 1597. 

Encourage several children to pre- 
sent the sequences they made up in 
the investigation and have others 


try to find the pattern. Also, discuss 
the patterns displayed in the investi- 
gation section of the text. The rules 
for these may be stated simply: for 
part A, add 6; for part B, double 
the number; for part C, add the two 
preceding numbers. 


Follow-up 

Write some patterns on the chalk- 
board and see whether children can 
give the next four numbers and dis- 
cover the rule used to build the 
sequence. Samples (rules are pro- 
vided for your convenience): 


Using the Ideas 


1. Give the next four numbers in each pOPAvencs: 
a 5,10, 15, 20, 25,3055,40 | 


B 2,4,6,8,.. .10,12,14,16 


et. 0: 24058, 0, .#035.0 Se ae 
ks 4, 10 10, Si3.eee 
D ose ee SIL t3,16 
Ae ieet et Scki Piel -KieS o haere ae 
ee LOOR L000. oa eeoe Lrgtt,. Oy 8 (lf Jee eee 
F 12, 23, 34, 45, 5¢.¢7,78,89 + at 2 ven lulea pas ig 
le yy 4 Sixty Soaks S aiok 


« 1,34,67,100,... 
133,166, 199, 232 
Nome | sent, 129, 11, ... 


12,1,1,15 


Resources for Active Learning 
Teaching Aids for Elementary Math- 
ematics, “Fibonacci numbers,” 
pp. 36-37, Holt, Rinehart and 
Winston. [Botany and mathe- 
matics] 
[The resources below deal with pat- | 
terns and sequences.| | 
Developmental Math Cards, H?5, 








aS rPRPreetrteEee es 


Pick any four of the numbers in order (like 3, 5, 7, 9) 
and add them as shown in this diagram. 
Addison-Wesley. 


outer sum, 3 + 9 = 12 
Freedom to Learn, p. 103, Addison- | 


Are the inner and outer 


sums the same for any 3 5 re J, 9 Wesley. < | 
four odd numbers in a row ? Yes leg peal Math Activity Cards, D39, Mac- 


millan. 

Mathex: Operations and Problem 
Solving No. 8, pupil pages 7-9, 
Encyclopaedia Britannica Publi- 
cations Ltd. 

Nuffield Project: Problems—Green 
Set, No. 13, Wiley. 


Try three more examples. 


Examples will vary. innersum, 5 + 7 = 12 


> 3. Sometimes the pattern of a sequence is hard to find. 
Can you find these patterns ? 
a 4,3,2,8,7,6,12,11,...10,16,15,14 
B 5,5,10,15, 25, .. .40,65,105,170 
c 1,3,6,10, 15, 21,...263¢6,45,55 
pv 1,2, 6, 16, 44, . . .120,328, 896, 2448 
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Using the Exercises sums in odd-number sequences de- 

Give the children an opportunity to _ veloped in exercise 2. 

try the exercises on page 79 on their 

own. The starred exercise is intended 

to challenge most children. The pat- | 

tern in part D may be difficult for : 

the class to find quickly, but do | 

not tell them the rule. Let the . 

more capable children work at it for 

short periods of time over a number 

of days before you give them the 

rule: Add each pair of adjacent 

numbers and multiply by 2 to get : 

the following number. ; 
When the children have finished 

exercises 1 and 2, carefully discuss Assignments (page 79)* 

the patterns for each sequence, par- Minimum: 1. Average: 1-2. 

ticularly the interesting pattern for Maximum: 1-3. 
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| | 


PAGES 80-81 





Objective 

The child will demonstrate his 
ability to work with the concepts indi- 
cated for cumulative review. 1. Solve the equations. 
Preparation a 287 = 200+ 80+ n7 p 342 = 300+ nm + 240 
If you choose to have a short warm- B 456 = 400+ n +650 e 780 = 700 + 80+ no 
up activity to prepare for this lesson, c 981 = n + 80+ 1900 F 604 = 600+ n + 40° 


write the numerals for several large 

numbers on the chalkboard. Then ask 2. Write the numeral for 

children to circle or underline certain a three thousand two hundred thirty-five. 3235 

digits; for example, say, “Circle the fifty-six thousand, fifty-four.se os4 

digit which represents 500” or “I’m fifty-six thousand, two hundred fifty-four.5¢ 254 

thinking of the digit 4 in the thou- nine hundred thirty-six thousand, one hundred one.92¢ !0! 
sands’ place.” You might also use nine hundred fifty thousand, twelve.950 012 

pairs of these numerals in com- four million, twenty-three thousand, forty-two. 022 042 

parisons. thirty-nine million, one hundred seventy-eight.39 000 178 


onmoodo se 


3. Write each of the following numbers as in the example. 6=79 000 ry 
Example: 4386 = 4000 + 300 + 80 + 6 He ee Aa aaee 
A 56750+6 c 783=700+80+3 £ G043=e000+40t3 « 75 480 


B 342=300+40+2 p 5287-5900+200+ F 28 642-20 000+8000n 628 492 


ie 


80 


4. Inthe numeral 43 682 
the 3 stands for 3000. 


Give the number for each 


colored digit below. 
34 682 4000 

34 682 600 

34 682 30000 

34 682 80 

6 284 563 4000 

6 284 563 200 000 


TaTm™moo Dw PRP 


6 284 563 50° 
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Discussion 

Have the children work the exercises 
on page 80. If you decide to discuss 
these exercises before having the 
children go on to page 81, you will 
want to pay particular attention to 
exercise 2. Ask several children to put 
their answers on the chalkboard. 
Then give the other children a chance 
to approve the answers or to discuss 
any difficulties. 

Exercise 4 should help you evalu- 
ate the children’s progress in under- 
standing place value. 

Encourage the children to make 
the comparison of sets in exercise 5 
without counting. Suggest that they 
think of place value, comparing the 


6 284 563 © 000 000 





largest quantities first—much as they 
do when comparing large numerals. 

An efficient way to use exercise 6 
would be to have the children do the 
first step in each part as a written 
assignment; then do the second part 
orally, as a class activity, asking the 
children to take turns reading the 
inequalities. This should help you 
judge whether they complete in- 
equalities mechanically or whether 
they really do understand the mean- 
ing of the symbols. 

You might suggest to the children 
that they sketch a picture as an aid 
to understanding the Think problem. 
In this way they should be able to 
see that 9 cuts will make ten 40-cm 





Follow-up 

Here is a game for groups of six or 
seven children which reviews place 
value and order for larger numbers. 


5. The number of beads in each can is labelled on the can. Which set, Makeaget.of.seyen Bsbyspaccmcaiee 


left or right, contains more beads ? LORE CHG ping aqdiflerente 
colored felt pen or a different-colored 


card for each set. On one card for 
each set write a 7-digit numeral such 
as 8 371 465. On the next card write 
the same seven digits, transposing 
only the last two digits. Continue 
writing the seven digits on the re- 
maining cards, each time changing 
the value of the original ones’ digit 
by moving it one place to the left. 
Make sure the sets have been shuf- 
fled, and then give the leader of each 
group a length of masking tape (or 
pins) and the cards. 

At your signal the group leader 
gives each member of his group one 
of the cards. The children are to 











6. In each exercise, give the sign < or > for the ll. Then give the arrange the cards into one sequence 
words (greater than or less than) for the blank. from smallest to largest and then 
a 286 ((lp276 > —» 6848 if 6792> —«_ 9528 ill 7643 > Shea Menad or a tas 

. > > : > em on a bulletin board). The 

gue greater: than eoae Greater Maine” iS eaterthen team to finish wins a point. Then 

a 304 ll 296 > E 8267 ll 4983 > uw 25367 ill 25267> the entire class determines which 

Ajss oe 296. Reo) Sen 40a, 25° 307 1S 7 25: 267: sequences are arranged correctly and 

‘ppeucienn hs gumacer ear SAEPeCENAN awards each team up to 7 points for 

ec 5279 ih 5280 < F 8663 il 8636> 1 83000 ilk 82 999 > the actual number of cards in the 
i ? j p2 

5279 is on 5280. 663 is 2 8636. 999. proper order. (If they are all correct, 





the sequences should be exactly 

alike.) 

If you prefer, the Place-Value 
Card Game described on page 49 
would also provide children prac- 
tice with the concepts reviewed in 
this lesson. 

Resources for Active Learning 
[These resources review fundamen- 

tal operations. | 

Developmental Math Cards, F'6, 
Addison-Wesley. 

Teaching Aids for Elementary Math- 
ematics, ‘‘Signs-of-Operations,” 
pp. 78-79, Holt, Rinehart and 
Winston. 


81 


pieces and that 9 X 2 or 18 minutes 
is the time required to cut the board 
into 10 pieces. 
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PAGES 82-83 
Objective 

Given a subtraction exercise which 
requires regrouping, the child will be 
able to find the difference by using 
the subtraction algorithm. 


Preparation 

To prepare for this lesson, review 
regrouping tens and hundreds. For 
example, ask, “If I have 7 tens and 
13 ones, how many do I have?” (83). 
If I have eight tens and 15 ones, how 
many do I have?” (95). “If I have 
5 hundreds and 17 tens, how many 
do I have?” (670). “If I have 2 hun- 
dreds and 10 tens, how many do I 
have?”’ (300). 

Vary the regrouping review by 
changing the form of the questions: 
“75 may be thought of as 60 tens 
and how many ones?” (15) “843 
may be thought of as 7 hundreds, 
how many tens, and how many 
ones?’ (14 tens and 3 ones) If the 
children have difficulty responding, 
you might show some of these in 
writing, such as: 

83 = 70+ ? 75 = 60+ ? 
27=80+15 843 =700+?-+? 

2? = 500+ 150 632 = 500+ 7+? 


Discussion 
As you work through the regroup- 
ing example displayed at the top of 
page 82, ask children to explain 
each step. Be sure that they see why 
75 is rewritten as 60 and 15. That is, 
since we cannot subtract nine from 
five, we must think about 75 as 60 
and 15. The same concepts are in- 
volved in the shortcut; the only dif- 
ference is in notation. Have the 
children explain the relationship be- 
tween the steps in the shortcut and 
those in the first example. 

Let the children try the problem 
in exercise 1, and then develop it as 
in the first example. 
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500 30 2 
1600s ak CO ea 


63 4 
—3 78 





82 
65— 60 5— 50 15 65 
= IOS 306 ees 


— 38 
? 20 S27. 
Then present the shortcut. 


515 

65 ay 
+38 38 
? 27 


After discussing the steps shown 
for the first example in exercise 2, 
guide the children in developing the 
second example like this: 


961 900 60 11> 

—478 —400 = 716 ak 

900 50 il— 800 150 11 

=400 70 -8 —400 —70 ~8 
400 80 3 


2. Explain each step for 
finding this difference. —————~>» — 


Can you find this difference 
by using the shortcut above ? 
See Discussion. 


Discussing the Ideas 


1. Find this difference by using both the 6 
regrouping method and the shortcut. 
See Discussion. 





‘Can you use this method 961 
to find this difference? ——> —4 7 8 
See Discussion. 48s 3 


3. Study the example below. 


When you work through the short- 
cut notation in exercise 3, point out 
to the children that they must always 
begin to subtract first in the ones’ 
column and regroup a ten into ten 
ones, if necessary; then they must 
consider the tens’ column and re- 
group the hundreds, if necessary. 
Help the children develop the last 
example in shortcut notation as 
follows: 


116 6 16 616 

726 —> TQB = FRA os DON 
—259 —259 —259 —259 
i) 67 467 


® How does regrouping help you subtract? 








5 
ine i 
Zi 
532 
163 
500 20 ta 400° “426 
— 100,— 60-3. 100 —60.—3 
22 4 5 12 14 
6 3M 634 
7. Dik 
12, OaG 
467 





1. Find the differences. 


a WE B 135 c 154 dp 183 
—68 —57 —96 —28 
~~ § ~ 78 ~ 58 “155 

e 124 H 157 1 194 Nl ES 
—97 —68 —99 —69 
27 89 “95 ~ 104. 

2. Find the differences. 

A 762 sp 847 c 934 p 654 
—425 — 363 —568 —257 
~~ 337 ~ 484 ~ 366 ~ 397 

a 456. iN 2064" 1 713:=-3 . 876 

—59 —209 —307 —497 

379 355 406 319 

m 863 Nn 562 o 674 pep 1246 
—429 —367 —289 —753 

- 434 195 385 


3. Make up subtraction problems 
so that when you cover the ones’ 
digits, they look like these. 

A B 


8 
i 22 
Le 3] 


See Using the Exercises. 






6 





4. One digit is covered. Is the 
difference 
5 
a less than 20? No Sn 
B 30 or less ? Yes 
c between 30 and 40? No 


More practice, page A-9, Set 14 


Using the Exercises 
Direct the children to try several of 
the exercises on page 83. 

When they have finished, put 
representative exercises on the chalk- 
board and have children explain 
them. Make sure the children see 
that in exercise 3, though various 
digit combinations are possible, their 
combinations must fit the fact that 
regrouping was needed in part B but 
not in part A. 

The strategy for solving the Think 
problem is similar to the one sug- 
gested for the Think on page 69. 
Some children may recall that class 
discussion and be able to solve this 
problem independently. Consider 5 


E 174 F 135 
—96 —48 
ec i:) OT 

Kk 176 tL 191 
—89 —97 

ST 94 

pts pa ee rk by 
—316 — 209 
504. ~ 508 
Keroce o1 «923 
—475 — 854 
46 69 

o 1342 rR 1437 
_ 658 —619 





Using the Ideas 


83 


as the “middle’’ of each set of three 
numbers whose sum must be 15; so 
5 belongs in the middle of the figure. 
The difference 15 — 5 is 10, so the 
two remaining numbers must total 
10. Thus, one pair to write in oppos- 
ing circles would be 2 and 8. 


Assignments (page 83) 
Minimum: 1-2. Average: 1-4. 
Maximum: 1-4. 





Follow-up 

To provide children with more prac- 
tice in regrouping with addition and 
subtraction, prepare a duplicator 
worksheet with the following prac- 
tagons. 





Alternatively, these might also be 
written on the chalkboard with let- 
ters inside the empty sections so that 
children can label their answers. 


Resources for Active Learning 
Mathematics in Modules, WN12, 
Addison-Wesley. 


Duplicator Masters, pages 17-19 
Skill Masters, pages 17-19 
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PAGES 84-85 


Objectives 

Given subtraction exercises with 
numerals of no more than 5 digits, the 
child will be able to find the 
differences. 

Given data in a chart and word 
problems requiring addition or sub- 
traction, the child will be able to 
answer the questions by finding the 
data from the chart and performing 
the required operations. 


Preparation 

Any short review activity used to 
reinforce the children’s facility with 
basic facts would be suitable prep- 
aration for this lesson. For example, 
you might have the children be ready 
with paper and pencil and give them 
some chain games such as _ the 
following: 

“Start with 47... Subtract 25... 
Add 37... Subtract 46... Add 349 
... Subtract 178.” (184) 

“Start with 56°%-.\.y Addi 75029. 
Subtract 29... Add 48... Subtract 
100.” (50) 

“Start-with 163-49" Ad@'o7 ~ . 
Subtract 184... Add 34... Sub- 
tract 100.” (0) 
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Improving subtraction skills 


1. Find the differences. 





























a 56 B 85 cre 43 pd 74 er 75 
—19 —23 —19 —24 —58 
a7 62 24 50 (7 
e 524 H 425 tour 2o0 J 964 “K- 1o7 
—519 — 208 —150 —787 —499 
5 217 60 “Sera 288 
m 631 n 715 o 376 p 1428 a 1536 
— 356 —538 —189 —619 —657 
~ 275 (77 t87 809 879 
2. Find the differences. 
A 1543 Be —-21/3 c 1467 pd 3424 
—1369 —1478 —873 —1945 
174 695 594 (479 
F 98752 ce 86345 Hh 97683 1 
—75176 —38 751 —69 794 
23 576 47594 27 889 


3. Solve the equations. 
A 34-—29= n5 
B 156 — 48 = niog 
c 347 —9= n338 


p 565 — 27 = n 538 
eE 654 — 646 = n8 
F 1548 — 538 = mioio 1 





%* 4. Copy the problems. Give the | 
missing digit for each Ill. 
a iiiilsS28 eB gigs 
— 264 3-48 
274 5olliS 
c 4173 p 727 
2—1iiS — [ih Ii WiA-e7 
348 260 
—E 9Illl39 F 58lllis 
—488 —21l60 
5 ious 3 82 
84 
Discussion mathematics to other interests of the 


Have the children work the exer- 
cises on page 84. If you prefer, you 
may use exercise 4 as optional 
material. However, most children 
can work several parts of it success- 
fully and, if not, can certainly bene- 
fit by attempting some of them. 

You may choose to have several 
children write some problems from 
exercises 1, 2, and 3 on the chalk- 
board and explain them to the class. 

Before assigning page 85, it would 
be helpful to study the chart with 
the children, helping them to read 
the words properly. A special benefit 
provided by a page such as this is the 
opportunity to relate the study of 


children. Encourage discussion of 
ideas and take advantage of any 
enthusiasm the children show for 
further research concerning the hu- 
man skeleton. In the course of such 
research, some children might notice 
that many references give 33, rather 
than 26, as the number of bones in 
the spinal column. (The discrepant 
figures arise from the fact that some 
authorities count the 5 fused sacral 
vertebrae and the 4 fused coccygeal 
vertebrae as 2 single bones rather 
than as 9 separate bones.) Some 
children may be motivated to create 
more problems on the bones of the 
body. (See the follow-up section.) 


F 66 
—49 
17 

Lt 455 
—277 
178 

r 1847 
—588 
1259 








—E 6531 
— 3874 
2657 

83 745 
—51 876 
31 869 


ge 732 —727 = ns 
H 854 — 
923 —19 = n904 


8 = n&4e 












The head Number of bones 





Graniinie een es. 8 
Faces tat ws 14 
Ears care an: eae 6 




















hyoidininesk = 2... . 1 


The trunk 


Spinalicolumn 3... 26 
RiDSSen sh Ber rs 2) 24 
Breastbone . 1 
Collar bones 2 
Shoulder bones . 2 
Pelvic bones 2 


The limbs 
Arms . 


Legs 
How many bones are in the head? 29 

2. How many bones are in the trunk? 57 
arg: How many more bones does the trunk have than the head ? 26 


¢ 1. Each arm has 30 bones. The hand and wrist contain all but 
_ three of these. How many bones are in the hand and wrist? 27 


5. Each leg has 30 bones. The ankle and foot have 26 
of these. How many bones are in the rest of the leg? + 


Each of 12 bones in the spinal column has two ribs 
attached to it. How many bones in the spinal column . 
do not have ribs attached? '4 


How many bones are in the human body? 2°9¢ 
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; 


Assignments (page 84) Assignments (page 85) 


Minimum: 1. Average: 1-3. 


Maximum: 1-4. Maximum: 1-7. 


Minimum: 1-7, oral. Average: 1-7. 


Follow-up 

Children might enjoy comparing the 
number of bones in the human body 
to the number of bones in the skele- 
ton of a dog, horse, or bird. They 
might make charts to show these 
comparisons, or illustrations of the 
various skeletons with the number of 
bones labelled. 


Workbook, page 23 
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PAGES 86-87 
Objective 

Given word problems which require 
subtraction with regrouping, the child 
will be able to solve the problems. 


Preparation 

To prepare for this lesson, provide 
children with an opportunity to per- 
form subtraction using dates. For 
example, ask children to imagine that 
someone asks them how old they 
are. Instead of responding with their 
age in years, suppose they tell the 
person the year of their birth. Ask 
them how the person would use this 
information to find out their age. 
You might ask a few children to tell 
you the year of their birth; then you 
respond with their age. Help them 
see that you subtract the year of 
their birth from the date of the 
present year. 


86 


Discussion 
Before assigning these problems, en- 
courage children to discuss a few of 
the pictures on each page. One of 
the chief benefits of problem sets of 
this type in addition to the arithme- 
tic involved is the interest generated 
in various topics. It would be help- 
ful to work through one or two 
problems on each page with the 
children. Stress the importance of 
recognizing the inequality of the 
dates of the years and of subtracting 
the lesser number (that is, the earlier 
year) from the greater number. 
Afterward, children who seem 
especially interested should be en- 
couraged to do further research on 


SCHIENCIE 





other kinds of inventions and their 
dates or on other important historical 
dates. 


Assignments (page 86) 
Minimum: Odd-numbered problems. 
Average: 1-11. Maximum: 1-11. 


Solving Story Problems HI ST ORY 


~*~ @@| America. Discovered in 1492. 


How many years ago ? Pilgrims. Landed at Plymouth, 
Massachusetts, in 1620. 
* Quebec. Founded by Champlain» a How many years ago ? 


in 1608. How many years ago ? B How many years after the 
founding of Quebec ? \2 





3k % Aj British North America Act. 
\Gi Signed, 1867. How many years ago ? 
B® Sir John A. Macdonald, Prime 
\@ Minister of Canada, 1867-1873, ‘ 
1878-1891. How many years ? !? WE 





ae 
6 Quebec captured, 1759. How many years ago ? 


World War I, 1914. How many 
years after the capture of Quebec 7?! * t World War Il, 1939. 


How many years ago ? 





i” 






Fortress of Louisbourg. 

Built by French in 1720. 

Captured by New Englanders in 1745. 
How many years did the 
French hold the fortress ?5 S 





Lester Pearson. Born, 1897. 


Died, 1972. * Gold discovered in Klondike, 
How long did he live ? 7° yr 1896. How many years ago ? 


Albert Schweitzer. Born, 1875. 
Nobel Peace Prize, 1952. 1 MacKenzie reached Pacific, 1793. 
How old was he then ?77 ur How many years was this after 


Gates nwa” the discovery of America ? 2°! 


More practice, page A-9, Set 15 87 


Assignments (page 87) 


Minimum: Odd-numbered problems. 


Average: 1-13. Maximum: 1-13. 


Follow-up 

Encourage children to make up other 
problems using dates from history 
and science. If these are printed on 
index cards and arranged by letter 
or number, children may make a file 
of problems for the class to use. The 
solutions may be printed on separate 
cards but labelled to match the prob- 
lem cards so that the children can 
check their own work. 
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PAGES 88-89 


Objective 

Given numerals in subtraction prob- 
lems in which there are no tens and/or 
no hundreds, the child will be able to 
regroup these numerals and perform 
the subtraction. 


Preparation 

To prepare for this lesson, run 
through a short review of thinking 
of numerals in expanded form. For 
example, say: “I’m thinking of a 
number which is 7 tens and twelve. 
What is my number?” (82) Include 
examples in regrouping across zeros, 
such as: “I’m thinking of the number 
that is 49 tens and 17. What’s my 
number?” (507) Some other exam- 
ples are as follows: 


72 tens and 13 (733) 
48 tens and 16 (496) 
10 tens and 12 (112) 

9 tens and 15 (105) 
13 tens and 11 (141) 
59 tens and 14 (604) 
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See Discussion. 


aA 506 
— 358 
~~ 748 
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Discussion 

Lead from the oral regrouping to a 
chart such as the following for num- 
bers such as 85, 805, 8005, and 8025. 


tens tens tens hundreds 





Use exercise 1. to show the children 
how they might think of the num- 
bers. For example, for 805, they 
could think 8 hundreds, 0 tens, and 
5; or 80 hundreds and 5; or 79 
hundreds and 15. 





4. Explain each part of Step 3 above. 6. 


e@ Let's explore regrouping for subtraction again. 


Discussing the Ideas 


1. Explain the following statements. 
A For 805, we can think 8 hundreds, O tens, and 5. 
B For 805, we also can think 80 tens and 5. 
See Discussion. 
2. Complete each sentence. 
a For 206, we can think Ill tens and 6.29 
For 206, we also can think 19 tens and Ill.|6 
s For 507, we can think lil tens and 7.50 
For 507, we also can think 49 tens and Il.'7 
c For 7004, we can think lll tens and 4.700 
For 7004, we also can think 699 tens and Il. '+ 
p For 9002, we can think Ill tens and 2.900 
For 9002, we also can think 899 tens and Ill.!2 


3. In Step 2 below, we first think of 507 as 50 tens and 7. 
Explain the regrouping. See Discussion. 


(c) (b) (a) 


5. Can you find these differences ? 


this problem. 

B 403 
— 156 —-4378 
— 247 “SG 2 & 


Use exercise 2 to discuss the re- 
grouping the children will use in 
subtraction. Emphasize in exercises 
3, 4, and 5 that for the regrouping 
of numerals such as 506 or 403, it is 
helpful to think in terms of how 
many tens rather than how many 
hundreds and how many tens. Simi- 
larly, in exercise 6 it is best to think 
how many tens rather than how 
many thousands, how many hun- 
dreds, and how many tens. It would 
be helpful to show several other ex- 
amples of this kind of regrouping. 


Copy and complete 


a 


* 4. 





Using the Ideas 


. Give the missing numbers. 


For 306, we can think lll tens and 6. 30 

For 306, we can think 29 tens and Ill. io 

For 704, we can think lll tens and 4. 70 

For 704, we can think 69 tens and lll. \4- 

For 6007, we can think Ill tens and 7. coo 

For 6007, we can think 599 tens and Ml. \7 

For 6025, we can think Ill hundreds and 25. Go 
For 6025, we can think 59 hundreds and Ill. \25 


zoaoam7nmmoonws p> 


. Copy and complete each subtraction exercise. 


1214 4912 39912 7914 
A 204 B 5Q2 c 4002 dp 8047 
—126 —247 —1275 — 1562 
78 255 Re 6485 








. Find the differences. Check your answers by adding. 

















a 602 B 706 c 406 p 1507 
—38 —87 —298 —348 
564 619 108 159 
F 534 c 607 H 832 1 6004 
—125 —437 —564 — 2386 
409 170 268 3618 
Copy the problems. Give the missing digit for each Il. 
eco Sz 
An 6/9 B iil c 11l10lll 
— Will 305 —595 —8lllb° 
374 5 702 


More practice, page A-70, Set 16 


Using the Exercises 
On page 89 work through parts of 
exercises | and 2 before assigning the 
exercises as independent work. Exer- 
cise 4 may be considered enrichment, 
though all the children would bene- 
fit from discussion of the solutions. 
When the children finish the exer- 
cises, help them check their work 
carefully. You may find that an 
explanation of many of the exercises 
is necessary. 

The children can reproduce figures 
1 and 3 in the Think problem without 
lifting their pencils from the paper 


Start 


649 18 
E 


— 1345 
5158 





eE 700 
— 389 
31) 


ys 4300 
— 2643 
1657 


100 
pil iis 
= 57 
948 


89 


Start 


and without retracing. Two of several Assignments (page 89)* 


possible solutions are shown at the Minimum: 1-3. Average: 1-3. 


right. Maximum: 1-4. 





Duplicator Masters, page 89 
Workbook, page 24 
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PAGES 90-91 
Objective 

Given an assortment of addition 
and subtraction exercises and prob- 
lems, the child will be able to solve 
the exercises and problems by choos- 
ing and performing the correct oper- 
ation. 


Preparation 

To prepare for this lesson, use a 
game such as ““What’s My Rule” (see 
page 65) or, to help the children 
develop speed, use a few mental 
chain games such as the following: 

“Start with 24... Subtract9... 
Add 6... Subtract 5. . . Subtract 
8.” (8) 

Start” withiil7 Scan Adds Seca. 
Snbtractso seierSubtract 72]. Add 
3... aubtractiae (5) 

“Start with 330. «Subtract 5... 
Add 1...Subtract10...Add2... 
Subtract 7... Subtract 7... Sub- 
tract 7.” (0) 
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Let’s practice adding and subtracting. 


1. Find the sums and differences. 








aA 567 B 843 c 705 pd 618 E 
+839 — 456 —239 +496 
c 608 nH 874 eT Oy ys 409 K 
—439 — 567 +869 +786 
m 871 n 304 o 652 p 364 
623 122 374 905 
489 304 418 845 
376 169 920 367 
+554 +785 +513 +978 
s 5076 Tt 6785 vu 70043 
— 3489 +8432 —46 528 
w 17954 x 8006 y 16934 
+98 767 —4875 +8 657 
2. Find the totals as in the example. 
Example: a 6h 35min 
5h 40 min 4h 35min 
3h 30min vine. oo VPRO 
c 20min 53s 
30min12s 
3. Find the differences as in the example. 
Example: A 6days 7h 
3h 10min 1 day 13h 
1h 50min : 
Bp 5h 30min 
2h 45 min 
90 


Discussion 

The exercises on page 90 should be 
assigned as independent work, and 
then discussed as you have children 
check their papers. It would be help- 
ful to discuss the bar graph on the 
top of page 91 before assigning the 
exercises. Help the children recog- 
nize that the height of each bar cor- 
responds to the number line at the 
left of the graph. 

The starred exercises on both pages 
are intended for those competent to 
handle them, but all children would 
benefit from a discussion of each. 
For exercises 8 and 9 on page 91, 
have the children who solve them ex- 
plain their solutions to the class. 


Assignments (page 90) 
Minimum: 1A-L, 1S-Z. 
Average: 1-2. Maximum: 


e 


900 
—347 


583 F 
+819 


676 L 
—186 


501 
— 403 


768 
858 
979 
659 
+675 


896 
784 
599 
867 
+657 


v 8403 
—7685 


z 35007 
—3 879 





B 2 wk 5 days 
3 wk 6 days 


pd 3h 50min 
4h 30min 


c 7minl4s 
6 min 52s 


p 10 wk 2 days 
3 wk 5 days 


L=3s 


Animal Weights 
The bar graph gives the weights 

of some of the animals at a zoo. 
4500 
4000 
3500 
3000 
2500 
2000 


_ 1500 


mr RCI T 


oa hwWN = 


| 


* 9. 





Wey 
K )) SDSS 


. How many kilograms must the lion gain to weigh as much as the tiger ?28 
. The rhinoceros lost 350 kilograms. How much did it weigh then ?2! 69 Ks 
. Find the total weight of the two heaviest animals. 2°22 kg 

. Find the total weight of the three lightest animals. 5!2 “4 

. Find the difference in the weights of the two heaviest animals. 522 “3 

. Ifa buffalo and a camel were weighed on the scales 


together what would the scales read then ? |502 k» 


. How much more does the buffalo weigh than the bear ? 468 Kg 
. Some animals were on the scales. The scales read 2585 kilograms. 


The moose got on the scales and the bear got off. 
What did the scales then read ? 29/2 ky 


A medium-sized car weighs 2164 kilograms. What is the difference 
in the weight of the elephant and the weight of two cars ? |74 ko 
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Assignments (page 91) 


Minimum: 1-7, oral. Average: 1-7. 


Maximum:. 1-9. 


Resources for Active Learning 
[These resources offer other bar 
graph ideas.] 

Applied Mathematics Cards, Group 
1/23-26, Schofield and Sims. 
(Available from Mafex Associates, 
Willowdale) 

Math Activity Cards C6, Macmillan. 


91 


PAGES?192=93 
Objective 


Given exercises and problems in- 
volving amounts of money and requir- 
ing simple addition and subtraction, 
the child will be able to find the sums 
or differences. 

Preparation 

Materials 

department store newspaper ads or 
mail order catalogues 

Because of the nature of this les- 
son’s investigation, you may choose 
to omit any specific preparation. 
However, depending on the needs of 
your class, you might review dollar- 
and-cent notation by writing several 
suitable examples on the chalkboard 
and having children read them. 


Investigation 

You will want to plan your treat- 
ment of this investigation according 
to the materials you have available 
for the children to use. You might 
have the children work in groups of 
two or three so that they will be able 
to check each other’s work. If 
appropriate ads or catalogues are not 
available, write a suitable list on the 
chalkboard. For example: 


basketball $ 6.49 
doll 4.37 
fishing rod ez) 
game 1.98 
gloves 3.80 
shoes 10.55 


Give the children sufficient time to 
work out the investigation problem. 
If any finish quickly, encourage them 
to make up money problems of their 
own to solve. 
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Answers 





Investigating the Ideas 


Suppose you have $20 to spend. 
Choose three items you could buy 
from a newspaper advertisement. 


See Investigation and Discussion. 


Can you find the total cost and 
the change you would get from $20 ? 
Wh vary. 


1. Susan and Sara went shopping with their 
mother and father. Sara had $9.45. 
She wanted to buy a book which cost wwidlessiamme 
$2.97. She started to figure how much 
she would have left. 


® Can you add and subtract amounts of money? 


Discussing the Ideas 
















a Explain what Sara has done so far. She has regrouped 45 
as 3 tens and is. 


B Tell how Sara should finish the problem. regroup 930.5 8 hundreds 
c Susan had $10. How much change would she get finish subtracting, 


if she bought the book ?$7.03 





Discussion 

As you have the children discuss 
the investigation and the exercises on 
page 92, help them to realize that 
regrouping in subtraction with 
amounts of money is not really dif- 
ferent from subtraction of numerals 
without the dollar-and-cent nota- 
tion. Have the children present 
examples from their work in the in- 
vestigation, writing the numerals on 
the chalkboard and explaining the 
steps they took to find the sums or 
differences. 

In exercise 2, you might wish to 
note that the example given is just 
one of several ways the clerk could 
have made the proper change. If he 


2. Eric bought a game for 63 cents. As the clerk returned 
change from $1.00, he said, “63 cents.” 


“Here is 64, 65, 70, 75, one dollar.” 


Can you tell what coins Eric got as change ? 
2 pennies, 2 nickels, and | quarter 


had used the minimum number of 
coins (2 pennies, | dime, and 1 quar- 
ter), he would have said, “Here is 
64, 65, 75, one dollar.” 

If necessary, present other exam- 
ples similar to exercise 2. You might 
use items from the investigation 
activities and present other situations 
of receiving change. 


. Find the total amounts. 


a $5.25 B $7.98 6. $15.95 
3.40 6.50 6.75 
$9.15 $14.48 $ 22.70 


. Find the differences in the amounts. 


A $3.98 B $1.00 c $5.00 
1.25 oho 3.95 
$2.73 $ 21 $1.05 


. Susan saw these roller skates and ice 
skates. Which cost more ? How much more? G===—"5 @¢ 


Ice skates cost $2.67 more. 


. Maria is saving her money to buy 
a record player. She has saved $7.89. 


How much more must she save ?$!2.06 


. Eric bought a book about flowers for $2.97, a 
book about horses for $1.47, and a children’s 
dictionary for $3.73. What was the total cost ?$8.'7 


. Jean saw a birthstone ring that cost $6.49. 

She saw a double birthstone ring that cost $8.95. 
How much more did the double birthstone 

ring cost than the single birthstone ring ? $2.46 


. Bob and Alan each bought 

a game to give to friends. 

a Which game cost more ? Puzzle 
B How much more ?$!.27 


. Linda’‘s father gave the clerk $40 for a bicycle 
that cost $37.97. How much change did he receive ? $2.0 


More practice, page A-10, Set 17 


Using the Exercises 





Using the Ideas 





p $2.49 ES .89 
3.20 1.56 
6.98 .28 

$12.67 $2.73 

p $10.00 E $20.00 
6.50 15.50 
$3.50 “$4.50 





SZ, 









93 


Assign the exercises on page 93 as 
independent work. When the children 
finish, have them carefully check 
their work. Discuss any items which 
caused difficulty. It would be help- 
ful to work through parts of exercise 
2 where regrouping with zero tens 
and hundreds is required, as shown 


below. 
4910 


SS28R 
—3.95 


$1.05 


Assignments (page 93)* 


Minimum: 1-2. Average: 1-8. 


Maximum: 1-8. 





Follow-up 

To give children further experience 
with money notation, suggest that 
they find items they would like to 
purchase and compare the prices. Or, 
pretend to give each child a certain 
amount of money and have the chil- 
dren choose from catalogues and 
advertisements various items they 
might buy, and again compare the 
prices. 


Resources for Active Learning 

Discovery, Section Il, Unit 8/3, 
Encyclopaedia Britannica Educa- 
tional Corp. 

Mathematics in Modules, WN 16, 
Addison-Wesley. 

Nuffield Project: Computation and 
Structure 2 , “Money,” pp. 91- 
102, Wiley. 


Duplicator Masters, pages 21-22 
Workbook, page 25 
Skill Masters, page 21 
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PAGES 94-95 
Objective 

The child will demonstrate his 
ability to work with the concepts pre- 
sented in this chapter. 
Preparation 
If you wish to introduce this lesson 
with a preparatory activity, present 
a brief review of any concept which 
has been troublesome for the chil- 
dren, or spend a few minutes con- 
ducting a brisk drill. 
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1. Find the differences 
by finding the 
missing addends. 

a n + 49 = 523 


52 —49= n3 
B n+ 28 = 324 
32 — 28 = n4 


c n +357 =3625 
362 — 357%= ns 
dp n + 4349 = 43612 


4361 — 4349 = m2} _ 


2. Find the sums and differences. 


a 36 B 53 





+25 —26 
ol ZT 
6 320 its. 547 
+497 —293 
~ 923° 254 
m 8046 n 5008 
—3779 +6053 
4267 1 OGI 
r 67 s 385 
85 277 
+49 +969 
~ 201  163b- 


























60 DOE —e 7/9 
=37 +68 +87 
~ 23 165 166 
603 da 700 (at Kk ae oa 
—329 —287 +869 
274 413 1o23 
o 9002 Pp 5037 ro) 
— 5437 — 2649 
3565 2568 
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3. Copy each problem on your paper. Then find the sum. 
E 6975 + 3428 + 26 


a 356+ 49+ 8+ 6419 

B 5/ + 476 + 387 + 8928 
c 5439 + 367 + 285834 
p 395 + 2007 + 6624¢8 
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Discussion 

You might work through several of 
these exercises with the children as a 
review, or you might have them work 
the exercises independently before 
any discussion. In either case, plan 
to provide sufficient time to discuss 
exercises which caused difficulty. 

In connection with exercise 4, it 
might be interesting to have the boys 
explain to the girls some of the base- 
ball terminology (though some of the 
girls, too, may already know quite a 
bit about the game). For exercise 4C, 
make sure that all the children under- 
stand that an “extra-base” hit is a 
hit that allows the batter to run 
more than one base. Thus, the answer 








FO? 


—19 
8 
L 1565 
+978 
2543 
8703 
— 5827 





2876 


56 732 
85 968 


+97 879 


240 579 


F 875+ 15693 + 78 


«¢ 9+ 892 + 3467+ 12 


H 54 937 + 6843 + 58 
(E) 10429 (6) 4380 
(F) 16 646 (H) 6! 838 


to this exercise is the sum of all Babe 
Ruth’s home runs, doubles, and 
triples. 

You may also point out, prior to 
assigning page 95, that there are 
some tricks that will save time in 
working exercises 5 and 6. For ex- 
ample in exercise 5A, the children 
are to compare the sum 57+ 34 
with the sum 54+ 37. Some chil- 
dren can easily observe that by 
interchanging the ones’ digit on either 
side they have identical numbers. 
This prompts the observation that 
the ones’ digits can be interchanged, 
but the sum remains the same. Note 
that for exercise 5H the trick is to 
exchange various digits. For exam- 


Follow-up 

To give more capable children ex- 
perience in analyzing multi-step 
problems, create a worksheet similar 
to the one below. Adjust the names 
and situations to your own class, if 
possible. 





4. Solve these problems about baseball batting records. 


a One of the longest home runs on 
record was hit by Babe Ruth. The 
ball went 177 metres. If the longest 
baseball throw was 134 metres, 


how much longer was the home run? 
3 metres 






































The 16 girls and 14 boys in Mrs. 
Powell’s class are having a Hallo- 
ween party. 

1. Doughnuts cost 8¢ each. The 
children are allowing 3 doughnuts 
per boy and 2 doughnuts per girl. 
How many doughnuts will they 
buy? How much will they cost per 
boy? per girl? Estimate the total 
cost of doughnuts. 

2. Jody’s father donated a basket of 
apples. If there were 68 apples in 
the basket, how many apples 
could each child have? How many 
children might get an extra apple? 

3. Cider costs 25¢ a litre. Polly figures 

they can get 20 glasses of cider from 


B Ty Cobb had a lifetime record of 4191 
hits. Babe Ruth made 2873 hits. How 


many more hits did Cobb make than Ruth ? 
i318 


c Babe Ruth hit 714 home runs 
during his major-league play. 
He also hit 506 doubles and 136 


triples. How many extra-base 
hits did Babe Ruth make ? !35¢ 


<s) 


5. Give the sign (<, >, =) that should go in each il. 


2 87-494) 54437= x 8324-4 637 8224 + 647- ager 
B 532 + 256 ll 256 + 532= F 8007 — 678 lh 8007 — 578 < cider? How much will that Bou 
c 633 + 45 il 533 + 55> c 3967 — 1888 ill 3867 — 1888> of cider cost? 

p 857 + 384 ill 867 + 374=  —-w_ 6595 + 2387 ill 6387 + 2595- 4. About how much money would 


the class spend for cider and 
doughnuts? Will they have enough 
money if each child brings 30 
cents for the party? 


%* 6. For each exercise, tell how much more the first sum or 
difference is than the second sum or difference. 





a 376+ 423, 276 + 123400 rF 603-37, 503 — 37190 

B 658+ 49, 6384 5910 « 7004 — 295, 7004 — 395100 ; 

c 865 + 378, 875 + 35810 u 876 — 498, 776 — 59820° Bo eos We uno Bo TT 

p 593+ 476, 493 + 366210 1 738 — 299, 538 — 199100 Developmental Math Cards, F'l2, 
e 847+ 599, 647 + 699!0° 3 993 — 489, 793 — 4992!0 G'7, Addison-Wesley. [Reinforce- 


ment activities and games] 


= Workbook, page 26 


ple, we are comparing the sum pair of numbers and adding the 
6595 + 2387 with 6387 + 2595. By other pair of numbers. 
carefully rearranging the digits we 

can show that the sum of each pair 

of numbers is the same. That is, for 

each sum, the two ones’ digits are 5 

and 7, the two tens’ digits are 9 and 

8, the two hundreds’ digits are 5 and 

3, the two thousands’ digits are 2 

and 6. Do not explain these things 

to the children until they have had 

a chance to look for the tricks to 

solving the problems without actually 

doing the adding. It could be that 

one of the best ways to find the tricks 

is actually to do the addition. Cer- 

tainly, some children will notice a 

certain similarity between adding one 
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PAGES 96-97 
Objective 

The child will demonstrate his 
ability to work with the concepts 
indicated for cumulative review. 





Preparation 1. Find the length of each object to the nearest centimetre. 
Materials : 
centimetre ruler 

Review any topic treated on these 
pages with which the children had 
previous difficulty. For example, you 
might wish to remind them that to 
measure to the nearest centimetre 
they should use the half-centimetre 
mark on their ruler as a guide. 





2. Give the area of each region. Each small square 
is a Square centimetre. 


A B 
rh 3 


3. Find the perimeter of the region in 2a in centimetres. jo em 


T cm 





4. Find the area of each rectangle. Each small square is the unit. 


A B 
| . 


5. Give the volume of each figure. 
A. B 
| scat | of 
96 
Discussion 


Assign these exercises as independent 
work unless you choose to work 
through them as a review. When 
children finish, discuss the topics of 
difficulty and review the meaning of 
perimeter, area, and volume. You 
might also ask children to explain 
their answers for exercise 9. Point 
out how the difference in one 
position of place value greatly 
changes the value of the number. 

Encourage many children to try 
the Think problem. They might want 
to use graph paper to help them find 
the square. 
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10. 


. Write the sign (> or <) 





. Find the sums and differences. 


aA4+7=nu c 16-—-9=n7 £ 19 =6 "946.64 9 — nig 
B17—-8=n9pdnd7+8=n15 F 7+9= nie u 14-9= ns 


. Write the numeral for 


a 6tens and 9. «9 

ps 2 hundreds, 5 tens, and 4. 254 

c 7 thousands and 2. 7002 

pb 9 thousands, 7 hundreds, 8 tens, and 6. 9786 


. Solve the equations. 


a 437 = 400 + 30+ n7z 
Bp 786 = 700+ n +680 


ec 952= n + 504+ 2900 
bd 168 = n + 60+ Bioo 





that should go in each li. 
a 17 482 il) 17 842 < 

B 20317 {ll} 20 371< 

¢ 439 901 lll 439 001> 
p 746 811 ill 746 810> 


Give the number that 

is 100 000 more than 

aA 56 432. c 300000. 

B 7183. pb 1000000. 


A 156 432 c¢c.400 000 
B 107183 D 1100 000 





oe 


Follow-up 

Suggest to the children that they try 

to find out if they are ‘square’. 

To do this they should measure 

their height and the distance from 

one finger tip to the other when their 

arms are outstretched. Comparison 

of these two measurements should 

prove interesting. If the height and 

width are the same the child can say 

he is “square.” 

Resources for Active Learning 

[The following activities are worth- 

while for review and assessment.| 

Developmental Math Cards, F°21, 
Addison-Wesley. 

Discovery, Section II, Unit 3/4, 
Encyclopaedia Britannica Educa- 
tional Corp. 
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CHAPTER 4 | Geometry 


Pages 98-115 


General Objectives 
To provide experience in working with 
cubes, in constructing cubes, and in 
counting the number of edges, faces, 
and vertices 
To review the geometric concepts of 
point, line, line segment, ray, and 
angle 
To develop understanding of parallel 
lines 
To provide experience in constructing 
parallelograms, rectangles, rhom- 
buses, trapezoids, and triangular 
pyramids 
To develop understanding of simple 
closed curves 
To develop understanding of sym- 
metric figures- 
The primary purpose of this chapter 
is to develop the children’s intuitive 
notion of basic geometric concepts. 
These concepts are not developed 
formally, but children are given an 
opportunity to explore these con- 
cepts by working with models which 
represent them in the physical world. 
They will construct cubes and pyra- 
mids, and draw parallel lines and 
various kinds of quadrilaterals. 
Pertinent questions will help them 
relate the terms point, line, angle, and 
ray to appropriate parts of the figures 
they construct. Polygonal figures are 
studied by a development of the 
concept of simple closed curves. 
Finally, children explore the concept 
of symmetry by folding symmetric 
figures. Throughout the entire chap- 
ter, your enthusiasm should set the 
mood not only for the investigations 
suggested in the text but also for any 
related explorations which the chil- 
dren might find appealing. 


Mathematics 

The first few lessons deal with the 
construction of a cube and pyramid 
from a two-dimensional pattern. 
Thus, spatial relations are developed 
as the child works from the pattern 
to the three-dimensional cube. A 
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cube is defined as a rectangular prism 


(box) such that all its faces are 


squares. 

The basic geometric concepts of 
point and line are usually treated as 
undefined terms in a formal study 
of geometry. In this text’s develop- 
ment these basic concepts are intro- 
duced by considering objects from 
the physical world that are familiar 
to the student. Thus, edges of a cube 
suggest line segments, vertices of a 
cube suggest points, and two oppo- 
site edges suggest parallel line seg- 
ments. Simple closed curves are 
presented through a comparison of 
models that are simple closed curves 
with models that are not simple 
closed curves. A simple curve is a 
curve whose path does not cross 
itself. A piece of string is a reasonable 
physical model of a curve. Mathe- 
matically, curves are defined in such 
a way as to include straight lines. 
A closed curve is a curve that is 
traceable from one point back to the 
same point. Simple closed curves in 
a plane have the property of dividing 
the plane into three sets: the set of 
points in the interior, the set of 
points in the exterior, and the set of 
points on the curve itself. A closed 
curve may be thought of intuitively 
as a piece of string connected into a 
loop capable of being formed into a 
figure whose sides may even be line 
segments. 

Symmetrical figures give children 
an intuitive grasp of the concept of 
symmetry. 


Teaching the Chapter 

Materials 

Cardboard square, 5 by 5 centi- 
metres (1 per child) 

Colored strips 

Construction paper or heavy paper 
suitable for construction of cubes 
and pyramids 

Demonstration cube, approximately 
25 cm each side 


Demonstration square, approximate- 
ly 25 cm square 

Flannelboard 

Glue or transparent tape 

Paper for tracing 


Ruler - 

Scissors 

Yarn (or string) 

Vocabulary 

angle parallelogram 
construct pentagon 
cube point 
diagonal polygon 

edge quadrilateral 
face ray 

hexagon rectangle 
inside regular polygon 
line rhombus 


line segment right angle 
line of symmetry simple closed curve 


model triangle 

octagon triangular pyramid 
outside vertex 

parallel 


This chapter should provide fun 
and excitement for both teacher and 
children. As stated previously, the 
purpose is mainly to develop an 
intuitive notion of basic geometric 
concepts. The opportunity to con- 
struct three-dimensional objects such 
as the cube and pyramid might 
stimulate the children to investigate 
patterns for other shapes. Try to 
maintain a classroom mood of cre- 
ative enjoyment in constructing 
different shapes and in using differ- 
ent patterns to construct the same 
shape. Try to provide stimulating 
activities for all the children, and 
special challenges for the more able. 
If the children respond remarkably 
well to any particular lesson, plan 
a class project to develop it further. 
The children will have a better un- 
derstanding of the terms and con- 
cepts if they use them while working 
together on a class project. 

Lesson Schedule 

How much time you spend on this 
chapter will depend on how many 
lessons you enrich with class or 











individual projects. Plan to spend a 
maximum of two weeks, unless one 
of the lessons develops into an ex- 
tended valid learning experience. 

Evaluation of Progress 

As you observe the children’s work, 
keep in mind that the purpose of this 
chapter is to develop intuitive con- 
cepts and to provide children with 
an opportunity to enjoy constructing 
various models. Neatness in making 
the model should be encouraged but 
not stressed. Allow for individual 
capabilities: you might praise one 
child for work you would find unac- 
ceptable from another. Be patient 
with the children’s use of the vocab- 
ulary terms; correct usage will 
develop naturally if children are 
encouraged to follow your example. 
Try to correct any gross misconcep- 
tions of the basic ideas here, but 
do not expect the same degree of 
understanding from all the children. 


Resources for Active Learning 


GENERAL ACTIVITIES 
Activities in Geometry for Primary 


Pupils, Activities 4, 11, 13, 16, 21, 
22, 24, 26, 30, 32-34, 36-44, 47, 
49,50, Addison-Wesley 

Freedom to Learn, “Patterns in 
Shapes,” pp. 94-99; ““Geometry— 
Properties of Shapes,” pp. 149- 
152, Addison-Wesley 

Geometry in the Classroom: New 
Concepts and Methods, pp. 23-27; 
39-61; 76-85, Holt, Rinehart and 
Winston 

Mathex: Geometry No. 9, “From 
3D to 2D,” pp. 10-11, Wiley 

Nufheld Project: Problems—Green 
Set, Nos. 33, 45, Wiley 

Nuffield Project: Shape and Size 2, 
pp. 1-14; 25-61, Wiley 

Nuffield Project: Environmental Ge- 
ometry, Wiley. [Studying shape 
and size in the environment] 


MANIPULATIVE DEVICES 

Attribute Games and Problems (A 
Blocks) [Now, while the children’s 
attention is focussed on properties 
of shapes, is the time to make this 
and the entire unit part of the 
classroom activities.] (Selective Ed- 


ucational Equipment; Webster, 
McGraw-Hill) 

Geo Blocks (Selective Educational 
Equipment; Webster, McGraw- 
Hill) 

Geoboards (Addison-Wesley) 
Geometric Figures and Solids (La 
Pine Scientific; school supplier) 
Geo Strips (Math Media; Selective 

Educational Equipment) 

Pattern Blocks—for symmetry, or- 
dering, and tessellating (Selective 
Educational Equipment; Webster, 
McGraw-Hill) 

Polyhedra construction kits (Child- 
craft; Edmund Scientific; Creative 
Publications) 

Soma Cubes and Wooden Block 
Puzzles (Edmund Scientific; Selec- 
tive Educational Equipment) 


COMMERCIAL GAMES 

Polyhedron-Rummy (Scott Fores- 
man) 

Pyramid Puzzle (or Tower of Hanoi) 
(Creative Publications; World 
Wide Games) 
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PAGES 98-99 
Objective 

Given the pattern of a cube, the 
child will be able to construct a cube 
and identify its edges. faces, and 
vertices. 


Preparation 

Materials 

5-cm cardboard squares (1 per 
child); glue or transparent tape; 
heavy paper (1 sheet per child) 

To arouse enthusiasm for this les- 
son, you might show the children a 
flat piece of paper and a cube and 
ask them if they think they would be 
able to use a flat piece of paper to 
make a cube. 


Investigation 

Read the directions with the chil- 
dren. Direct them to trace their first 
5-cm square at least 5 centimetres 
from the top and bottom of the pa- 
per; otherwise, they are apt to begin 
tracing without leaving enough space 
for the side squares. Also, remind 
them about the tabs, noting that 
they should draw the tabs onto their 
pattern before they begin cutting. (If 
you prefer, distribute duplicated pat- 
terns of the cube similar to that in 
the text. See Duplicator Masters, 
page 69.) Give the children ample 
time to construct the cube; some 
may find the construction awkward. 
If possible, have the children glue or 
tape the tabs on the inside of the 
cube so that they will not be seen. 
However, if this is too awkward for 
some to do, let them tape some of 
the tabs on the outside. Caution the 
children to handle the cubes carefully, 
for they will be used again in later 
lessons. 
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Geometry 


heavy paper. 


See Invest 


98 





Discussion 

After the experience of constructing 
a cube, the children are provided 
with a review of the terms used to 
describe parts of a cube. The words 
edge, face, and vertex will be familiar 
to the children if they used the pre- 
ceding book in this series, but the 
meaning of the terms should be 
reviewed, with specific application to 
the appropriate parts of a cube. 

As you discuss exercises 1, 2, and 
3, it would be helpful to use an 
actual demonstration cube and 
describe the terms faces, edges, and 
vertices, as illustrated on student 
book page 98. 

In discussing exercise 4, give the 


Investigating the Ideas 


Use a 5-cm cardboard 
square to help you draw 
a pattern like this on 


1. How many faces does your cube have ? 6 


2. How many edges does your cube have ?/2 


4. Use your cube to help you answer these questions. 


A What is the smallest number of 
edges you can move your finger 
along to get from A to B ?3 

B What is the greatest number of 
edges you can move along to get 
from A to B if you never go 
along the same edge twice ? 7 

c Can you get from A to B by going along 4 different edges ? No 

p Can you get from A to B by going along 5 different edges ? Yes 


@ Let’s construct a cube. 


5 centimetres 


Can you cut out your pattern and fold it to make 
a cube? Use paste or tape to stick the tabs in place. 
2 ion. 





Discussing the Ideas 


Vertex 


3. How many vertices (corners) does your cube have ?8 


children an opportunity to show the 
various paths they can trace along 
the edges of a cube to get from point 
A to point B. You might suggest 
that they lightly mark points A and 
B on their cubes to help them in- 
vestigate these questions. 



























1. Each student in a class 
made a cube. Then they 
stacked their cubes 


A How many cubes in 
each layer ? 9 

B How many layers ?3 

c How many students 
in the class ? 27 


3. If you could pick up the 
stack and look at all 

; sides, how many of the 

| cubes could you not 

see at all ? | 





%* 4. a What is the area of 


of all the faces ? 
ISO cme 


a 


—— 


* 5. What is the volume 
of your cube 
in cubic centimetres ? 


together like this = ee 
to form one large cube. 





2. If you could not pick up the stack, how many of the 
cubes could you not see at all ? 2 


each face of your cube 

: : > 

in square centimetres ?, 
B What is the total area 





125 em? 


Using the Exercises 

If possible, provide 27 cubes that can 
be stacked together. (If necessary, 
the cubes which the children con- 
structed may be used.) 

You might use starred exercises 4 
and 5 as a basis for discussion. Lead 
the children to realize that since the 
length of each square face is 5 centi- 
metres, there are 25 square centi- 
metres on each face. Since there are 
6 faces, there are 150 square centi- 
metresinall. Remind the children how 
to measure volume. Have them ima- 
gine a cubic centimetre fitting inside 
the box. Since there are 25 square 
centimetres on the base and 5 centi- 
metres in height, they should picture 
125 cubic centimetres all together. 


Using the Ideas 
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Assignments (page 99)___ 
Minimum: 1-3, oral. Average: 1-3. 
Maximum: 1-5. 





Solution, Think, page 99 

The Think problem may challenge 
even the more imaginative children. 
The simplest solution is to think of 
the segments AC and CB as shown 
below, where C is the midpoint of 





A D A D 


If we imagine the two sides of the 
square laid flat, it is easy to see why 
the path from A to C to B is shorter 
than any other path that could be 
chosen. If children do not find this 
path, you might suggest it to them 
and have them compare its measure 
to that of alternative paths. 

Resources for Active Learning 

Activities in Geometry for Primary 
Pupils, Activities 4, 13, 22, Addi- 
son-Wesley. 

Franklin Series: Pencil and Paper 
Geometry, pp. 85-88, Lyons and 
Carnahan. (Available from 
McGraw-Hill Ryerson) 

Geometry in the Classroom, pp. 
23-27; 76-80, Holt, Rinehart and 
Winston. 

Math Activity Cards, C16, D13, 17, 
Macmillan. 

Nuffield Project: Problems—Green 
Set, No. 27, Wiley. 
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PAGES 100-101 


Objective 

Given various patterns of a cube, 
the child will be able to select one 
and make a cube. 


® Are there other patterns for cubes? 


Investigating the Ideas 
Preparation Make a large pattern of this figure and cut it out. 
Materials 
5-cm cardboard squares (at least 1 
per child); tape or glue; heavy 
paper (at least 2 sheets per child) 
This is an optional lesson. Its main 
purpose is to provide an opportunity 
for the children to enjoy some recre- 
ational mathematics. It should only 
be used if the children enjoyed the 
activity in the previous lesson. No 
specific preparation should be neces- 
sary. 
Investigation 
Have the children use 5-cm card- 
board squares as templates to copy 
the pattern at the top of the page. 
If they copy the pattern correctly, 
they should be able to fold it into a 
cube. Remind them to put tabs on 
a few outer sides before they cut it 
out. 





Can you fold this pattern to make a cube ? 
See Investigation. 





Discussing the Ideas 


1. Select at least one of these patterns and use it 
to make a Cube. See Discussion. 





2. Can you find which one of these patterns will not form a cube ? 


A B Cc 
will Will not will 
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Discussion 

Since one of the main purposes of 
this lesson is to give children an op- 
portunity to enjoy constructing 
cubes, there is no need for a lengthy 
discussion. Exercises 1 and 2 may be 
treated as an extension of the investi- 
gation. Some children may construct 
cubes from several patterns. in exer- 
cise 1, but you might suggest that 
they do exercise 2 before they spend 
all of their time with the patterns in 
exercise 1. Also, some might investi- 
gate making patterns of other shapes, 
such as a rectangular prism. 
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yx 2. Trace the square. 


See Using the Exercises. Using the Ideas 


1. a Make a pattern like the one below and cut it out. 







B Now fold the strip 
as in the figure. —_—» 





. eer.) 
eh A ed eek © 
<i te s 





c Continue folding so that 
you have a cube with each 
face the size of one of _———— | 
the squares on the strip. | 





Color the interior of 
the square. Cut along 
the solid red lines. 


a Folding only along 
dashed lines, make 
a Cube. 


B Folding only along 
dashed lines, make 
a cube that has all 
its faces colored. 
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Using the Exercises 

Although there are a variety of ways 
by which to fold the strip pictured in 
exercise 1 to form a cube, the 
simplest is the following: After the 
initial fold (illustrated in the text), 
the face on which the diagonal fold 
has been made may be folded back 
upon the face to the left of it. 


Ist fold 2nd fold 





Then the sides may be wrapped 
around without the need for any 
other folds on the diagonal. It 
would be best to let the children try 
to discover this or other possible 
solutions on their own. 


Assignments (page 101) 
Minimum: 1. Average: 1. 
Maximum: 1-2. 


Follow-up 
Children might enjoy coloring var- 
ious faces on the pattern of a cube 
and seeing where these faces appear 
when they fold the cube. Many 
variations are possible and they 
would make an attractive room 
display. 

Resources for Active Learning 

Activities in Geometry for Primary 
Pupils, Activities 42, 43, 44, Addi- 
son-Wesley. 

Developmental Math Cards, G*14, 
Addison-Wesley. 

Experiments in Mathematics, Stage 1, 
pp. 26-27, Houghton Mifflin. 
(Available from Thomas Nelson 
& Sons) 

Geometry in the Classroom, pp. 76- 
77. Holt, Rinehart and Winston. 

Math Activity Cards, C15, D12, 
Macmillan. 
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PAGES 102-103 


Objectives 

Given a cube, the child will be able 
to find parts of it which suggest 
points, angles, and segments. 

Given the terms point, line, line 


® What are some simple figures on a cube? 










Investigating the Ideas 


Segment 
A square suggests 






segment, ray, and angle, the child will 4 it Hh 
be able to find objects which suggest 4 angles 
4 segments 


these ideas. 


Preparation 
Materials 
cubes made in the first lesson of this 
chapter; demonstration square 
(optional) 
It would be best to incorporate the 
preparation time with the investiga- 
tion, so begin immediately with the 









See Investigation. 






Discussing the Ideas 


Angle 


How many points, angles, and segments 


can you locate on your cube ? 
8 points, 24 angles, IZ seqments 











text. 1. You can think of a point asa : 
Investigation location. What are some things i 
Use the square illustrated in the text around your room that remind you of points? 
é ° Sample answers: dot on the chalkboard, cities’ locations on a wall map, 
to review the concepts of point, thumbtack on the bulletin board, etc. 
angle, and segment. Make sure the 2. You can think of a segment as 
children see how the square suggests a certain ‘‘part of a line.” 
four of each. For this purpose, you (The line does not end.) Name MFA SG 
might use a large demonstration some things in your room that 
square and have children point out remind you of segments. 
; : f ch 
the 4 points, 4 segments, and 4 angles. Sample answers eet a miebeoed eu picture 
Then direct the children to study 3. You can think of aray asa 
the investigation question, using the certain “part of a line.” An pil es 
cube they constructed previously. angle is 2 rays from one point. ay” 
They should discover 8 points cor- The angles of the square and 
responding to the 8 corners and, if eiberre right angles. Are there 
they count carefully, 12 segments things in your room that remind eel 
corresponding to the 12 edges. How- you of right angles ? 
ever, they may have difficulty finding Sample answers: corner of a book or piece of paper, 
all the angles. After they have had ret ie guests eahatne nbttioNeaeaeee 
; ; . . Can you find some angle i ; 
sufficient ume to do their own think- Sample answers: various angles formed by stissors’ blades or 
ing, you might suggest some easy 102 compass legs, hands of clock, etc. 


ways to “count” the angles. For 
example, the cube has 6 faces or 
squares and for each of these there 
are 4 angles, so altogether there 
must be 24 angles. 
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Discussion 

One of the main points of this lesson 
is to review some basic geometric 
concepts. If the children studied from 
Book 3 of this series they have been 
introduced to these concepts and 
terms previously. As you discuss 
exercises 2 and 3, help children to 
understand the idea that a line con- 
tinues on and on, that a line segment 
is a part of a line that has two end- 
points, and that a ray is a part of a 
line that has one endpoint. 

Some things which the children 
might mention for each concept are 
as follows. 
point: pencil tip, corner of a book, 

centre of the clock 


line segment: window frame, edge of 
box or book, metre stick 

ray: flagpole, each of the hands of 
the clock 

right angle: corner where floor and 
wall meet, corners of bulletin 
boards, chalkboard 

angles that are not right angles: 
angles formed by the hands of the 
clock, a book partially opened 





cere ee 


———— ee | rr 


alae 


See Using the Exercises. 


1. Mark 4 points on your paper. 
Use them to draw as many 


segments as you can. 


Constructions 
will vary. 





3. Tell what part of each picture reminds 
you of points, segments, or angles. 





* 4. Study the chart. Then draw and name a figure of each type. 


BoC Shrae Liste will vary. 





Using the Exercises 

Direct the children to work inde- 
pendently on the exercises on page 
103. In exercise 1, it is not necessary 
for the points to be noncollinear; that 
is, if a child happens to mark the 
points on one line segment, it will 
not matter. In either case, there are 
6 line segments which may be drawn. 


B G 
A 
B 
é 
D D 
AB, BC,CD AB, BC, CD, 
AD, AC, BD AC, AD, BD 


2. Some angles are more “open” 
than others. Draw three 


“different-looking” angles. 
Constructions will vary. 


ame 


Using the Ideas 
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Although exercise 4 is starred, it 
would be helpful to use the chart as 
a basis for discussion. If time per- 
mits, you might have the children 
label the points and line segments 
they drew in exercise 1 and the angles 
they drew in exercise 2. Stress that 
the middle letter of the abbreviation 
for an angle is the letter at the vertex 
of the angle. 


Assignments (page 103) 
Minimum: 1-2. Average: 1-3. 
Maximum: 1-4. 


Mathematics 

The study of geometry is the study of 
sets of points and the relation- 
ships between special sets of points. 
In abstracting the idea of a geomet- 
Tic point, we might proceed as sug- 


gested by the following illustration. 
Small Dot Smaller Dot 


fe) 

SNS Ce) 
rutou Smal Da roinie we 
say, “draw a point” when we mean 
draw a dot to represent a point. 

Ideas of point, line, and plane are 
the basic notions with which the 
study of geometry starts. All geo- 
metric figures can be considered as 
sets of points, often as subsets of 
lines or planes, or as the union of 
some of these subsets. Some of 
these sets of points (called geometric 
figures) which are introduced in this 
lesson are described below. 

_ Some Geometric Figures 
(Sets of Points) 


Name and 
Description Picture Symbol 


Two points 

and all the A B 
POintsube;...|innadua eel 
tween them 


A half-line 
with the 
endpoint 


Segment 


The union 
of two rays 
with a 
common 
endpoint 





Follow-up 
The children might enjoy making 
posters to illustrate objects which 
suggest the geometric ideas discussed 
in this lesson. Others might draw 
basic geometric symbols, such as 
point, line, line segment, ray, and 
angle, and label them as shown in 
the chart in exercise 4. 
Resources for Active Learning 
Franklin Series: Pencil and Paper 
Geometry, pp. 26-37, 63-70, Lyons 
and Carnahan. (Available from 
McGraw-Hill Ryerson) 
Geometry in the Classroom, pp. 82- 
85, Holt, Rinehart and Winston. 
Mathematics in Modules, SK6, 
Addison-Wesley. 


Workbook, page 27 
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PAGES 104-105 


Objectives 

Given parallel lines or segments, the 
child will be able to identify them as 
parallel lines or segments. 

Given suitable materials, the child 
will be able to draw parallel line seg- 
ments, a parallelogram, a rectangle, 
and a rhombus. 


Preparation 

Materials 

cubes constructed in the first lesson 
of this chapter; demonstration 
cube (optional) 

Since the investigation in this les- 
son requires a discussion of the items 
illustrated, it would be appropriate 
to begin immediately with the 
investigation. 


Investigation 

In order for the children to identify 
the parallel edges of their cube, they 
must have a clear understanding of 
parallel lines. Use the illustrations to 
discuss parallel lines. Help the chil- 
dren notice that parallel lines are 
always the same “straight” distance 
apart. 

Direct the children to color one 
edge of their cube. It would be 
helpful for them to label each corner 
of the cube, if you wish to have 
them make a record of the edges 
they find that are parallel. However, 
such labelling would not be useful in 
discussion unless everyone labelled 
the corners in the same order. If 
possible, use a large demonstration 
cube and have children use it to show 
the parallel edges and the edges that 
are not parallel. 


104 


edge of your cube. 


104 





Discussion 


One of the main objects of this lesson 
is to develop the concept of parallel 
lines so that children can recognize 
parallel lines in figures such as a 
square, rectangle, parallelogram, and 
rhombus. 

In exercise 1 children might men- 
tion the opposite borders of a bulle- 
tin board or the chalkboard, lines on 
a tablet or binder paper, and opposite 
sides of window frames, among other 
items. Accept any object in which the 
child points out some pair of parallel 
lines. 

As you discuss exercise 3, help the 
children recognize that a parallelo- 
gram is any four-sided figure in 





Your cube has some parallel 
edges (segments). Color one 


2. The sides of the square are 
marked a, 6, c, and:d. Which 
pairs of sides are parallel 
to each other? 4!ic, blld 


3. Why do you think this figure 
is called a parallelogram Sider ar ar 
Do you think a square should. 


be called a parallelogram ? f 
Yes, a “special kind” of parallelogram. 


® When are two lines or segments parallel? 


Investigating the Ideas 


These pictures suggest parallel lines. 


How many segments on your cube are parallel 


to the colored segment : ? How many are not ? 8 
See Investigation: 





Discussing the Ideas 


1. Can you find some things in your room that remind you of 
parallel lines or segments ?See Discussion. 






pairs of 
tel 


which opposite sides are parallel and 
that a square satisfies these condi- 
tions. You might also discuss the 
statement, “Every square is a paral- 
lelogram, but not every parallelogram 
is a square.” 








See Using the Exercises. 


1. The two pictures suggest ways you might make parallel lines. 
Draw some parallel lines by using each method. 





Can you find a method of your own for drawing parallel lines ? 


2. Use parallel lines to help 
you draw a parallelogram 


rectangle. 
ruction 


anda 
Const 


3. Arhombus is a parallelogram 
with all sides the same 
length. Can you use your 
ruler to draw a rhombus ? 


Using a ruler 





will vary. 


Parallelogram 


Rectangle 


Yes. Constructions will vary. 


Using the Exercises 

You might choose to have the class 

work through several of the exercises 

on page 105 together. Help children 

interpret the paper-folding diagram. 
Here is another way to make 

parallel lines by folding paper. 


Crease carefully. Fold A 


| 
cid 
Fold B 
Original fold 


These edges must 
come together. 





Folding paper 
These edges must 
come together 





Using the Ideas 
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In exercise 2 you might suggest 
using a combination of the methods 
illustrated in exercise 1. Thus, if the 
children first fold their paper and 
then use their ruler to form the 
second pair of parallel lines, they 
will form a parallelogram that is not 
a rhombus. Similarly, if they line up 
their ruler at right angles to the lines 
of folding they will form a rectangle 
that is not a square. 


Assignments (page 105) 
Minimum: 1-2. Average: 1-3. 
Maximum: 1-3. 


Mathematics 

A key point in this lesson is raised 

by the following definition of parallel 

lines. 

Two lines are parallel if they are 

in the same plane and they do not 

intersect. 

If asked to draw parallel lines, the 
children might draw a pair of line 
segments which we would not want 
to call parallel, even though they do 
not visibly intersect on the particular 
sheet of paper on which they have 
been drawn. The children should be 
led to an understanding of parallel 
lines which will enable them to make 
such observations as, ‘‘Parallel lines 
do not intersect no matter how far 
we ‘extend’ them.” 

Definitions of the various quadri- 
laterals are given in the Glossary. 
Some of the distinguishing character- 
istics of these quadrilaterals are given 
below. You may wish to incorporate 
them in a discussion of the various 
parts of this lesson. 

Square—all sides equal in length, 

four right angles 

Rectangle—opposite sides equal, 

four right angles 

Rhombus—all sides equal in length 

(Note that a rhombus may be a 

square.) 

Parallelogram—opposite sides are 

parallel 

Follow-up 

Children might enjoy coloring the 

figures they have drawn, or they 

might make others using colored 
construction paper. 

Resources for Active Learning 

Activities in Geometry for Primary 
Pupils, Activity 34, Addison- 
Wesley. 

Franklin Series: Learn to Fold... , 
“Parallel Folds and Segments,” 
pp. 86-88, Lyons and Carnahan. 
(Available from McGraw-Hill 
Ryerson) 

Mathex: Geometry No. 4, “Parallel 
Lines,” pp. 25-26, Encyclopaedia 
Britannica Publications Ltd. 

Mathex: Geometry No. 9, “Lines in 
Space,” pp. 7-9, Encyclopaedia 
Britannica Publications Ltd. 

Nuffield Project: Problems—Green 
Set, No. 20, Wiley. 

Nuffield Project: Shape and Size 2, 
“Parallel Lines,” p. 89, Wiley. 


Workbook, page 28 
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PAGES 106-107 
Objective 

Given suitable materials, the child 
will be able to construct a model of a 
triangular pyramid and identify its 
edges, faces, and vertices. 


Preparation 

Materials 

cube from previous lesson; paper for 
tracing and cutting; heavier paper 
for construction of a pyramid; tape 
or glue 

Or, patterns duplicated on paper 

suitable for the construction of a 

pyramid (Duplicator Masters, page 

70) 

The usual preparation time would 
be well spent in organizing the mate- 
rials for the investigation. If possible, 
have a pattern duplicated on suitable 
paper so that the children need only 
cut and fold. Otherwise, supply the 
children with paper on which they 
can trace the triangle to be used in 
drawing the pattern. 


16cm 16cm 


/¥\7X 


<< — 16 cm———> 
Suitable dimensions 
for a pattern 


Investigation 

Give the children considerable guid- 
ance in constructing the pyramid. If 
they are drawing the pattern them- 
selves, direct them to place the first 
triangle far enough from the edge of 
the paper to allow room for the 
other triangles. Once the children 
have cut out the pattern, remind 
them to refer to the illustration for 
guidance in folding the pyramid. 
Then move around the room helping 
children who are having difficulty. 
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® Let’s construct a triangular pyramid. 


Investigating the Ideas 





Use your triangle “cut-out” 
four times to draw this 
pattern on heavy paper. 

Cut out your pattern on the 
solid lines. You may want to 
add the tabs shown. 








Triangular Pyramid 





Can you fold your pattern to 


See In 





make a triangular pyramid ? 
estiqation. 


Discussing the Ideas 


1. Give the missing words. 
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Discussion 


When the children have constructed 
their pyramid, use the statements in 
exercise 1 as a basis for discussion. 
Exercise 2 compares the volumes of 
the cube and pyramid. Challenge the 
children to think of a way of finding 
the volumes of the cube and pyra- 
mid, such as by placing both in a 
container of water and comparing 
the difference in the water displace- 
ment; or by opening a face of the 
cube and the base of the pyramid 
and filling them with sand for com- 
parison. Commercial or very sturdy 
models might be more suitable for 
such explorations. It would be ap- 
propriate also to include in your 


a Each face of your pyramid has the shape of a __ ?__.triangle 
B Each edge of your pyramid reminds you of a _ ?__.segment 
c Each vertex of your pyramid reminds you of a__ ?__. point 


2. Which do you think has the greater volume, your cube 
or your pyramid ? cube. See Discussion. 


discussion the questions in exercise 
1 on page 107. Then discuss com- 
parisons of various properties of the 
cube and pyramid, such as the num- 
ber of vertices, number of edges, and 
number of faces. These might be 
written in chart form on the chalk- 
board as shown. 





Triangular 
Cube Pyramid 
Number of edges 12 6 
Number of vertices 8 4 
Number of faces 6 4 





Mathematics 
In addition to providing children 
with an opportunity to investigate 
and work with a solid geometric 
figure other than the cube, this lesson 
could be used to provide some expe- 
riences that lead to an intuitive grasp 
of the Euler formula concerning the 
relation between the number of 
vertices, faces, and edges of poly- 
hedrons. 
If v is the number of vertices, f is 
the number of faces, and e is the 
number of edges, then (v + f) — e 
= 2 for space figures such as those 
described above. 
If children show interest in this re- 
lationship, provide models of other 
polyhedrons and let the children 
check to see whether the relation 
given by the formula above holds for 
other geometric solids. 
Follow-up 
As a follow-up activity, or for those 
who construct the triangular pyra- 
mid very quickly, you might dis- 
tribute a pattern of another figure, 
such as a pyramid which has a 
square as one face. A pattern with 
appropriate dimensions is given 


below. N 


Using the Ideas 


1. a How many faces does the 
triangular pyramid have ?4 
B How many edges does it have ? 6 
c How many vertices does it have ?4 





2. Use your triangular pyramid is 
to answer these questions. 
a What is the smallest number of edges you 
can move along to get fromA to B ?| 


| B What is the greatest number of edges you can move along to 
get from A to B if you never go along the same edge twice ?4 





3. For each figure below, add the number of vertices to the 
number of faces. Then subtract the number of edges. 
What is your answer each time ?2 
a triangular pyramid 





: B Cube 





c pyramid with one square face 





Using the Exercises 
You might choose to work through 
the exercises on page 107 together 





Resources for Active Learning 


Sigil noe thes ao, oe Activities in Geometry for Primary 
Eonar so ensmrormepessiblesuse 210 Pupils, Activities 11, 13, Addison- 
the discussion section. In exercise 2, Wesley. 

have the children mark two vertices, Experiments in Mathematics, Stage 1, 
A and B, on their pyramid so that “The Pyramid,” pp. 28-29, 
they can use it to study the questions. Houghton Mifflin. (Available 
Children should be able to use the from Thomas Nelson & Sons) 
pictorial representations to answer Franklin Series; Pencil and Paper 
exercise 3. ‘ Geometry, pp. 89-96, Lyons and 


Carnahan. (Available from 
McGraw-Hill Ryerson) 
Geometry in the Classroom, pp. 76- 
Assignments (page 107)______ 80, Holt, Rinehart and Winston. 
Minimum: 1-3, oral. Average: 1-3. Nuffield Project: Shape and Size 3, 
Maximum: 1-3. “Polyhedra,” pp. 55-59, Wiley. 
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PAGES 108-109 
Objective 

Given pictures of closed curves, the 
child will be able to identify which of 
the curves are simple closed curves 
and to state whether a given point is 
in the interior or the exterior of the 
simple closed curve. 


@ What is a simple closed curve? 


Investigating the Ideas 





Preparation 

Materials 

flannelboard; yarn and thin strips of 
paper for demonstration (optional) 
Although this investigation in- 

cludes no construction of figures and 

is based on a study of the text, it 

would be best to omit specific prep- 

aration. The main goal here is for 

children to discover what simple 

closed curves are. 


Investigation 

Direct the children to the illustra- 
tions at the top of the page. Explain 
that they are to study each of the 
three groups of figures and see 
whether they can discover what a 
simple closed curve is. When they 
think they know what a simple closed 


D Can you draw some simple closed curves of your own ? 
ra Constructions will vary. See Investigation. 





Discussing the Ideas 


1. You can think of a simple closed curve as a loop of string 
that is on a flat surface and does not cross itself. Explain 
why some of the figures above are not simple closed curves. 





curve is, they are to draw some of 
their own. Circulate through the 
room and check to see whether or 
not the figures the children are draw- 
ing are simple closed curves, 
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Discussion 


The goal of this lesson is not to 
develop a formal definition of simple 
closed curves but to help the chil- 
dren develop an intuitive idea of 
simple closed curves so that they can 
recognize them in comparison with 
curves that are not simple closed 
curves. As you discuss exercise 1, 
you might expect children’s expla- 
nations of why some of the figures 
are not simple closed curves to 
include such observations as: “Lines 
in the figure cross each other,” ““The 
figure is open,” “The curve loops 
back on itself,” “A line can’t be a 
closed curve,” and so on. Be sure 
the children realize that a simple 


2. Draw a simple closed curve 
and put a dot inside. 
A Starting at the dot, draw 
a path that crosses the 
curve 6 times. Where will 
the end of your path be ? !nside 
B Where will the end of the 
path be if you cross the curve 9 times ? Outside 


Sample answers: not closed, lines cross 





closed “curve” may be a figure 
formed of straight line segments. It 
would be helpful to use a flannel- 
board with yarn and straight line 
segments and have the children illus- 
trate some simple closed curves. 

If the children follow the develop- 
ment of the questions in discussion 
exercise 2, they should come to the 
conclusion that a path which crosses 
the curve an even number of times 
always ends on the same side of the 
curve on which it began; a path 
which crosses the curve an odd num- 
ber of times always ends on the other 
side of the curve. 


1. The red and gray screens are 
hiding all but a small part 
of a simple closed curve. 
a If X is inside, 
where is Y ? outside 
B If X is outside, 
where is Y ? Inside 


2. IfA is outside the simple 
closed curve, give the 
location (inside or outside) 
of each of the other points. 


B inside F Outside 

C Inside G Outside 

D Outside H Outside 

E Outside I inside 
J Outside 


3. The hole torn in the red 
paper shows part of a simple 








closed curve. 


> 


o 0 8 


lf R is inside, where is S ? inside 
Can both 7 and U be inside ?No 
lf S is outside, where is 7 ? outside 
If S is outside, where is U ? inside 


Gs 


$ 


Using the Exercises 

The exercises on page 109 extend 
the ideas introduced in discussion 
exercise 2. You may choose to work 
through exercise 1 with the children, 
but assign exercise 2 as independent 
work. Suggest to the children that 
drawing a straight line with a ruler 
from point A to each other point 
will enable them to count the num- 
ber of times that path crosses the 
curve. After the children have fin- 
ished the exercises, allow sufficient 
time for discussion. 





Using the Ideas 
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Assignments (page 109) 


Minimum: 1-3, oral. Average: 1-3. 


Maximum: 1|-3. 





Mathematics 

The children can draw plane curves 
without lifting their pencils from the 
paper. Such a curve becomes a 
closed curve if a child brings his 
pencil back to the same point he 
started from. If a closed curve does 
not intersect itself at any point, it is 
a simple closed curve. Some exam- 
ples are shown below as well as in 
the student text. Line segments are 
plane curves because plane curves 
may or may not have portions that 
are straight. 


Som Oa 


Curves 


6 XAG) 


Closed Curves 


-| 


Simple Closed Curves 


Follow-up 

To encourage the children to think 

further about the inside and the out- 

side of a simple closed curve, suggest 
considering these situations: 

1. Think about the walls of the room 
forming a simple closed curve. If 
Suzy starts in the room and crosses 
the threshold into the hall 7 times, 
does she stop inside the room or in 
the hall? Where is she after 9 times? 
After 4 times? 

2. A squirrel is gathering nuts for his 
winter food supply. Each morning he 
makes several trips in and out of his 
hole. One morning, after crossing the 
entrance to his hole 17 times, he sits 
back to rest. Is he resting inside his 
tree house or outside? Where would 
he be if he crossed the entrance 5 
more times? 30 more times? 

Resources for Active Learning 

Experiments in Mathematics, Stage 1, 
“Topology,” pp. 46-47, Houghton 
Mifflin. (Available from Thomas 
Nelson & Sons) 

Geometry in the Classroom, pp. 
39-40; 59-61, Holt, Rinehart and 
Winston. 

Mathex: Geometry No. 9, “Open 
and Closed Curves... ,” pp. 20- 
21, Encyclopaedia Britannica pub- 
lications Ltd. 
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PAGES 110-111 


Objectives 

Given the set of strips listed in the 
student text, the child will be able to 
construct the following quadrilaterals: 
parallelogram, trapezoid, rhombus, 
rectangle. 

The child will be able to draw pic- 
tures of each of the following poly- 
gons: triangle, quadrilateral, penta- 
gon, hexagon, octagon. 


Preparation 
Materials 
colored strips, as listed on student 
book page 110 
Review the term simple closed 
curve by asking a few children to 
draw an example of a simple closed 
curve on the chalkboard. If none. of 
them draws a straight-line figure in- 
clude one yourself. Also, ask for 
examples of figures that are not 
simple closed curves. 


Investigation 

Before the children begin their con- 
structions of the quadrilaterals, it 
would be helpful to guide them in 
using the strips to make a triangle. 
Direct them to take one red, one 
light green, and one purple strip. 
Use some demonstration strips and 
the flannelboard, or small strips and 
the overhead projector, to show them 
how to place the strips, mark a dot 
at each vertex, remove the strips, 
and with pencil connect the dots. All 
of the figures may be constructed 
with the strips, but some children 
may find this method awkward. If 
so, you might wish to have the chil- 
dren use alternative methods to con- 
struct the same figures. For example, 
you might have them draw the 
figures on graph paper or construct 
them on geoboards. Larger strips of 
paper could also be used. In this 
case, the corners need not meet 
exactly, but the child still should 
mark the dots on the inside of 
every intersecting pair of strips and 
then use ruler and pencil to connect 
the dots. 
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® Let’s exp/ore some special simple closed curves. 


Investigating the Ideas 


You can use your strips to help you “construct” 
some special simple closed curves. 


You will need 





Place the corners of the 


strips together. Mark 
1 of these —~> Sy ahes | a dot at each corner and 
then connect the dots. 


Which of the special figures below can you 
“construct” with the strips listed above ? 





See Investigation. 








Discussing the Ideas 


1. Tell all you can about the special figures you constructed. 
See Discussion. 


2. Simple closed curves whose sides are 
segments are called polygons. 
A polygon that has four sides is a 
quadrilateral. Can you use the strips 
to draw a quadrilateral with all of 
its sides different lengths ? Yes. See Discussion. 
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Discussion various figure names correctly, but 
Have children use whatever materials do not place undue emphasis on 
they worked with in the investigation vocabulary. 
to demonstrate the various figures 
they made. Then, to elicit meaningful 
responses to discussion exercise 1, 
you might pose a specific question 
such as: “How does a rectangle dif- 
fer from a square?” “How many 
sides of a trapezoid are parallel?” 
“In what way are the square and the 
rhombus alike?” “In what way are 
they different?” and so on. (See 
descriptions of the figures in the 
mathematics section on page 105.) 
Stress that each of these figures is 
a quadrilateral (quadri=four, lateral 
=side). Help the children read the 





QS a eS 


—— 


1. Aregular polygon has all of its sides the same length and 
all of its angles the same size. What is another name for 
a regular quadrilateral ? Square 


* 5. 





. Draw one of each kind of polygon 


shown that is not regular. Example: 
Constructions will vary. 


. An octagon is an 8-sided polygon. Draw an octagon. 


Constructions will vary. 


This pentagon has all its diagonals 


shown in color. Can you draw all the 


How many diagonals does an octagon have sey 
111 


diagonals of a hexagon ? See above. 


Using the Exercises 


Much of the material on page 111 
may serve as a basis for further dis- 
cussion. You might ask for an oral 
response to the question in exercise 
1, and with the children read the 
name of each polygon pictured and 
explain the meaning of the terms 
polygon, regular, and diagonal. The 
children might then draw the irreg- 
ular polygons, as suggested 
exercise 2, and continue with exer- 
cises 3 and 4 on their own. Allow a 
child who successfully answers 
starred exercise 5 to demonstrate his 


answer for the class. 





Using the Ideas 


Assignments (page 111) 


Minimum: 1-2. Average: 1-4. 


Maximum: 1-5. 





Follow-up 

Encourage children to see how many 

kinds of polygons they can construct 

on the geoboard. Challenge them 
also to find how many of the regular 

polygons they can construct on a 

5-by-5 geoboard. (The only regular 

polygon that can be constructed 
thus is the square.) 

Resources for Active Learning 

Activities in Geometry for Primary 
Pupils, Activities 26, 30, 33, 38, 
39, 40, 47, Addison-Wesley. 

Developmental Math Cards, F*14, 
G*4, Addison-Wesley. 

Experiments in Mathematics, Stage 2, 
“Game of Hex,” p. 53, Houghton 
Mifflin. (Available from Thomas 
Nelson & Sons) 

Geometry in the Classroom, pp. 40- 
59, Holt, Rinehart and Winston. 

Math Activity Cards, ‘“Tessellations,” 
C13, 19; “Regular and Irregular 
Polygons,” C21, Macmillan. 

Mathex: Geometry No. 9, “Con- 
structing Plane Figures,” p. 12 
(pupil pages 13-19), Encyclo- 
paedia Britannica Publications Ltd. 

Nuffield Project: Problems—Green 
Set, Nos. 7, 40, Wiley. 

Nuffield Project: Shape and Size 2, 
“Classification of 2-D Shapes,” 
pp. 91-101, Wiley. 

Nuffield Project: Shape and Size 3, 
“Rigid or non-rigid 2-D Frame- 
works,” pp. 2-10 (pictures, pp. 
37-40), Wiley. 


Duplicator Masters, page 23 
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PAGES 112-113 
Objective 

Given a variety of different-shaped 
figures, the child will be able to deter- 
mine whether the figure is symmetric 
by folding it in half. 
Preparation 
Materials 
paper for tracing, cutting, and fold- 

ing 

It would be helpful, though not 
essential, for each child to have a 
rectangle to fold as pictured at the 
top of page 112. However, you may 
judge that a demonstration rectangle, 
as suggested in the section that fol- 
lows, is sufficient. 


Investigation 

Read with the children the explana- 
tion of a symmetric rectangle at the 
top of the page. It would be helpful 
to use a demonstration rectangle to 
be sure the children understand what 
symmetric means. Then direct them 
to trace, cut, and fold the other 
figures to see which are symmetric. 
Suggest that those who finish quickly 
try to draw a figure which they think 
would be symmetric and then cut it 
out and fold it to see whether they 
were right. 


yi 
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Discussion 

In order for the discussion questions 
to be understood, have the children 
trace, cut out, and fold the rectangle, 
circle, square, and triangle. If you 
prefer, prepare a duplicated work- 
sheet of these figures so that the 
children need to do only the cutting 
and folding. Children will not have 
difficulty seeing that there are. in- 
numerable lines of symmetry in the 
circle—no matter how they fold it 
in half, the halves match. Similarly, 
a few foldings of the rectangle, 
square, and equilateral triangle will 
show the lines of symmetry for each, 
which are illustrated by dashed lines 
in the figures at the right. 


Investigating the Ideas 


A rectangle is symmetric because 
you can fold it so that one half 
exactly matches the other half. 





® When is a figure symmetric? 





Can you trace, cut out, and fold to find out 
which of these figures are symmetric ? 





All are Symmetric except parallelogram. 
See Investigation. 


Discussing the Ideas 


1. A figure is symmetric when 
it has a line of symmetry 
(the fold). Does a rectangle 
like this have more than one 
line of symmetry ? Explain. 
Yes. See Discussion: 








You might ask the children if 
they think every triangle has a line 
of symmetry and point out that the 
triangle in the text is an equilateral 


triangle. A few experimentations 
with a scalene triangle, in which no 
sides have the same length, should 
convince them that not every triangle 
is symmetric. 








‘ 
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: 
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” 
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1. You can make your own symmetric figures 


by folding the paper first. 





q Fold 


2. Some letters are symmetric and some are not. ‘in in some alphabet styles, 


Can D you fit find all the letters that are symmetric ? symmetric ‘Ehan in others 





3. The word BIKE isa 
“symmetric word.” 


-R 


Can you find 
some other 
words that 

are symmetric ? 








Cut a pattern. Start 


and end on the fold. 


a Fold and cut out as many different quadrilaterals as you can. 


sB Cut out some special designs of your , 
Constructions asP g ‘a pen 


varu. 


D, »H K,M,O,T,U 


F 





Yes 


Kt 


Samples: BED, Box, 


DEED, CHECK 


Using the Exercises 
Treat page 113 as an activity page. 
In exercise 2, the answers will depend 
on how the letters are printed. This 
exercise would be a good basis for 
discussion; be flexible in accepting 
a child’s reason for why a letter is 
or is not symmetric. .You might have 
them use letters from mewspaper 
headlines, magazine titles, etc. 
Encourage all the children to try 
the Think problem and then let a 
volunteer display the solution. 











Using the Ideas 


Unfold 


D 
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Assignments (page 113) 


Minimum: 1-2. Average: 1-3. 


Maximum: 1-3. 





Follow-up 

The children might enjoy studying 
patterns in leaves and snowflakes or 
creating more symmetrical designs 
of their own. Most leaves give the 
appearance of being symmetric, but 
if examined closely, the design made 
by the veins in the leaf is usually not 
symmetric. However, the outline of 
a leaf may be used to make a sym- 
metrical figure. Another method for 
creating symmetrical designs is to 
have children fold a piece of drawing 
paper in half, then unfold the paper, 
and write their name along the fold 
line either in ink or heavy crayon. 
Fold the blank half over the name 
and press. The imprint on the blank 
side should be a mirror image dark 
enough for the children to use to 
finish the design. 

Before folding: 


ee 


After folding: 


Resources for Active Learning 

Activities in Geometry for Primary 
Pupils, Activities 16, 21, 24, 32, 
36, 37, 41, 49, 50, Addison- 
Wesley. 

Developmental Math Cards, G*14, 
Addison-Wesley. 

Franklin Series: Mirror Magic, 
“Symmetry,” pp. 58-107, Lyons 
and Carnahan. [Activities for 
small-group work in a math cen- 
tre or for display] (Available from 
McGraw-Hill Ryerson) 

Freedom to Learn, ““Geometry-Con- 
gruence and Symmetry,” pp. 153- 
154, Addison-Wesley. 

Geometry in the Classroom, pp. 57- 
59, Holt, Rinehart and Winston. 

Nuffield Project: Beginnings 1 , 
“Axes of Symmetry,” pp. 91-92, 
Wiley. 

Nuffield Project: Shape and Size 3, 
“Another Look at Symmetry,” pp. 
23-26, Wiley. 


Workbook, page 29 
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PAGES 114-115 
Objectives 

The child will demonstrate his abil- 
ity to work with the concepts presented 
in this chapter. 

The child will demonstrate his abil- 
ity to work with the concepts indi- 
cated for cumulative review. 
Preparation 
You may plan a preparation suitable 
for either page 114 or 115. If you 
choose to use 114 as an evaluation 
page, you might use the preparation 
time for a brief review of major con- 
cepts of the chapter. If you use page 
114 as a review lesson, you might 
plan a preparation for page 115, 
such as an oral game to review basic 
combinations or regrouping. 
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1. The red dots suggest points 


(vertices). 


a How many can you see in 


the picture ?7 


B How many vertices does a 
cube have all together ? 8 


2. You can see three faces of the cube. 
A How many faces can you not see 


in the picture ? 3 


B How many faces does 


a cube have in all ? © 








3. How many edges (segments) can you count in the picture 


of a cube above ?? 


4. How many right angles does 


a square have ?4 


5. Draw a simple closed curve 


a with segments only. sampie:/\ 
Sample: 7 


B with no segments. 


} Constructions will vary. 


6. Draw a quadrilateral (4-sided figure) that has a pair 
of parallel sides. sampie: Z—\ Constructions will vary. 


7. Which of these [a] 
figures is 
symmetric ? 8 


114 


Discussion 

As children work through exercises 
1, 2, and 3 on page 114, you might 
permit them to use the cubes they 
constructed in the first lesson of this 
chapter. Some children may need to 
be reminded that exercise 5A refers 
to a simple closed curve made of 
straight line segments and 5B refers 
to a simple closed curve made with- 
out any straight line segments. The 
term quadrilateral in exercise 6 may 
also require review. 

If you use page 114 as a review, 
discuss any concepts which have 
given difficulty during treatment of 
this chapter. If you use this page as 
evaluation, plan time for a discussion 








of each exercise to help children cor- 
rect any erroneous concepts. 





1. How many ? 
A 234 B 353 


EES 


C000 





G@8ae@ 
000 


2. Measure in centimetres. 
A How long? Scm 
B How wide? 2% cm 
c How far around all 
four sides ? 1S cm 





3. What is the area of the region? |8 





4. Find the sums and differences. 
A 36 B 48 c 96 db 74 E 63 dee dt Sal 











+45 +55 +56 —21 —45 —19 
8i 103 152 53 18 62 
G 714 Hh, 2337 1 802 Jf 037 K 1001 
—261 +7665 —358 —2848 —747 
453 10002 44.4 4189 254 
Lt 32 M 278 n 843 o 425 Poilte23 427 
421 517 126 189 19 366 
+214 +809 +31 +647 +53 109 
767 1604 j000 1261 95 902 
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Using the Exercises 

You might have the children work 
the exercises on page 115 independ- 
ently or work through them with 
you. If your discussion accompanies 
the correction of the children’s papers 
or the exercises themselves, present 
other examples to illustrate the con- 
cepts reviewed. For example, write 
several large numerals on the chalk- 
board and have children identify 
digits in various places. Review the 
term perimeter as you discuss exer- 
cise: 2: 


Follow-up 
If children enjoy working with the 
geoboard, suggest that they work in 
pairs and challenge each other to 
complete a half of a symmetric figure 
each child constructs. 

For example, one child might con- 
struct the following design. 





Then his partner should complete it 
by constructing the half symmetric 
to it. 





Workbook, page 30 
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CHAPTER 5 


Multiplication and Division 


Pages 116-155 


General Objectives 

To develop multiplication and division 
concepts 

To associate multiplication with 
groups of equivalent sets, product 
sets, repeated addition, number 
lines, and skip counting 

To relate division to repeated sub- 
traction, multiplication, sets, and 
the number line 

To develop mastery of multiplication 
and division facts 

To develop basic principles of multi- 
plication 

To provide word problems involving 
multiplication and division 

To provide additional work which re- 
quires logical thinking 

The key ideas in this chapter in- 

clude multiplication and division 

concepts, the relation between mul- 

tiplication and division, and mastery 

of multiplication and division facts. 

Later chapters will deal with the 

multiplication and division algo- 

rithms for finding greater products 

and quotients. 

Following a brief introduction in 
which we use rectangular arrays to 
investigate the multiplication and 
division operations, we concentrate 
on the relationships of multiplication 
to addition and of division to sub- 
traction. Sets and number-line inves- 
tigations are used to emphasize the 
relationship between multiplication 
and division. Then the basic princi- 
ples for multiplication are explored 
and, with these basic principles and 
general reasoning, the multiplication- 
fact table is built step by step. 

A number-line game is among the 
practice provided the children for 
finding products. Following this, the 
idea of finding quotients by thinking 
about missing factors is reviewed and 
division facts are emphasized. 

We do not expect the children to 
memorize subtraction and division 
facts per se. Rather, we expect them 
to find differences and quotients by 
knowing the related addition and 
multiplication facts. The child is ex- 
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pected to know that 35 + 5 = 7 be- 
cause he knows that 7 X 5 = 35. 

Following the work on division 
facts, the children analyze story 
problems designed to help them 
understand that division is used to 
solve problems involving one of two 
things: finding the number of sets 
of the same number or finding the 
number in each set. Material is then 
provided for a review of all opera- 
tions and for a study of the set 
interpretation of multiplication. 
Mathematics 
We begin the study of multiplica- 
tion by defining an operation on sets. 
Consider two sets, C = {q,r,s,t} and 
D = {m,n}. To determine the set of 
all pairs of elements such that the 
first member of the pair is from C and 
the second is from D, pair each of 
the four elements of C with each of 
the two elements of D to give eight 
pairs. This set of pairs is known as 
the Cartesian product of sets C and 
D (written C X D). The elements of 
C X D are 

(q,m), (r,m), (s,m), (t,m), 

(qn), (rn), (s,m), (tn). 
The diagram indicates these pairs in 
a rectangular array. 


q r s t 
m e oe 8 em) 
n ° ° Og Fe (571) 


Careful examination of this array 
will reveal how it is related to the 
multiplication concept. The Cartesian 
product C X D has eight elements 
(pairs); eight is the product of four 
and two. The numbers 4 and 2 are 
the factors of 8, and 8 is a multiple 
of each number. 

The product D X C is obtained by 
changing the order of the members 
in each pair of C X D. Thus, C X D 
and DX C have the same number 
of pairs. This illustrates the order 
principle for multiplication. We 
demonstrate the order principle for 
children by having them consider 
rectangular arrays, first by rows, 
then by columns. 


Our definition of division for whole 
numbers is related to multiplication. 
If a, b, and c are whole numbers 
such that b #0 and aXb=c, 
then 
a=c~+b. 
Observe that c + b is the first factor 
in the equation a X b = c. An exam- 
ple of this is 
2X3=6, 
2=6-+ 3. 
The relation between division and 
multiplication may be brought into 
focus more clearly by this type of 
example, which shows that finding 
the quotient is equivalent to finding 
the missing factor: 
nX4=12 7 he ee 
These two numbers are the same. 
This idea parallels the addition-sub- 
traction relationship, with the single 
exception that in division one of the 
factors (the second in our definition) 
cannot be zero. We rule out division 
by zero. The reasoning behind this 
choice is brought out in the mathe- 
matics section for page 136 of the 
student text. 
Teaching the Chapter 
Materials 
Colored paper cutouts (skirts and 
blouses; sails and sailboats; etc.) 
Counters (24 per child) 
Crayons 
Cups and saucers, three sets in dif- 
ferent colors or patterns 
Felt object and strips 
Flannelboard 
Flash cards showing multiplication 
and division facts 
Graph paper, 
Index cards, small (at 
cards per child) 
Multiplication tables—duplicated 
copies to be filled in by the children 
Overhead projector 
Paper suitable for tracing 
Scissors 
Slips of paper, about 5 by 10 cm 
(10 per child) 
Small boxes or containers (optional, 
for page 138) 
Watch with a second hand 


least’ > 10 


Yarn 


Vocabulary 
divide multiplication 
division order 
divisor (commutative) 
factor principle for 
missing factor multiplication 
multiplication- _ pairing 
addition product 
(distributive) quotient 
principle times 
Although children explore the 


basic concepts of multiplication and 
division with materials in the in- 
vestigations, some demonstrations 
will be helpful in summarizing and 
clarifying these concepts, either for 
the whole class or for small groups. 

To demonstrate the concepts of 
this chapter, you can show rectan- 
gular arrays or product sets with set 
materials or with diagrams on the 
chalkboard. You may find it more 
helpful to use concrete set materials 
to demonstrate product sets in the 
initial stages. For example, you can 
illustrate the product 2 X 3 by show- 
ing the color combinations obtained 
by placing two cups of different 
color with three saucers of different 
color. Record the color combina- 
tions on the chalkboard to show that 
there are six different combinations 
in all and that 2 X 3 = 6. 

Use of set materials for demon- 
strating concepts in division will 
include finding the number of sets 
of a given size within another set, 
as well as parcelling out a set of ob- 
jects into a given number of equiva- 
lent sets. For example, you might 
exhibit a set of 24 objects and ask 
the children how many sets of 4 they 
can take from this set of 24; when 
they have found 6 sets of 4, exhibit 
the equation 24 + 4 = 6. This pro- 
cedure shows finding the number of 
sets of a given size within a set. To 
show the “partitioning” that is asso- 
ciated with division, ask the children 
to group a set of 18 objects into 3 
sets of the same number. Then draw 
from them the response that each set 
contains 6 objects, thus 18 + 3 = 6. 


In developing the vocabulary for 
this chapter, pay particular atten- 
tion to the word factor, which be- 
comes a key word when the idea of a 
missing factor is used to demonstrate 
the general concept of division and 
its relationship to multiplication. All 
the words given in the vocabulary 
list are important. They are used so 
often that the children will have little 
difficulty mastering them. 


Lesson Schedule 

Although the time schedule should 
be adjusted according to the abilities 
and backgrounds of your children, 
pian to cover this chapter in 43 to 
53 weeks. 


Evaluation of Progress 

For most children, this chapter will 
be a review of topics studied in the 
earlier grades. We expect the chil- 
dren to gain both a feeling for, and 
an understanding of, the general con- 
cepts of multiplication and division, 
the relationship between the two, and 
some of the basic principles of mul- 
tiplication. The children are expected 
to master the multiplication and 
division facts. 

In your evaluation, focus on the 
children’s skill in handling multipli- 
cation facts, since the division facts 
are derived from a knowledge of 
multiplication facts. The best way 
to evaluate the children’s under- 
standing of concepts is to observe 
their daily participation in class 
discussions. As in any evaluation at 
this level, make sure the children can 
interpret a variety of word problems. 

We recommend that you answer 
any questions about the meaning of 
the division operation by referring 
to the basic connection between 
multiplication and division. Set in- 
terpretations as a descriptive defini- 
tion of division may also be helpful. 


Resources for Active Learning 

GENERAL ACTIVITIES 

Developmental Math Cards, (games) 
G42, G412, Addison-Wesley 

Franklin Series: Making and Using 


Graphs and Nomographs, ‘“‘Nomo- 
graphs: Multiplication with Whole 
Numbers,” pp. 71-72, Lyons and 
Carnahan. (Available from 
McGraw-Hill Ryerson) 

Franklin Series: Patterns and Puzzles, 
“Without a Word,” p. 46; “Op- 
erations,” p. 93, Lyons and 
Carnahan. (Available from 
McGraw-Hill Ryerson) 

Mathex: Operations No. 3, “Games,” 
pp. 35-38 (pupil pages 50-56), 
Encyclopaedia Britannica Publi- 
cations Ltd. 

Mathex: Operations and Problem 
Solving No. 8, “Hexagon drills,” 
and “Finger Multiplication,” pp. 
18-19, Encyclopaedia Britannica 
Publications Ltd. 

Nuffield Project: Computation and 
Structure 3 , “Multiplication,” pp. 
24-60; “Simple Sharing,” pp. 
61-64, Wiley 

MANIPULATIVE DEVICES 

Dienes Multibase Arithmetic Blocks 
(Herder and Herder) 

Grid Kit (Sigma, Scott Scientific) 

“Invicta” Math Balance (Math 
Media; Selective Educational 
Equipment) 

Map Measure (Edmund Scientific; 
Math Media) 

Multiplying Machine (Creative Pub- 
lications; Hammett) 

SEE Calculator (Selective Educa- 
tional Equipment) 

Unifix Math Lab Kit (Educational 
Teaching Aids; Math Media; 
Responsive Environments Corp.) 

COMMERCIAL GAMES 

Games to help master and maintain 

basic facts and sharpen computa- 

tional skills: 

Equations (Creative Publications) 

Heads Up (Creative Publications, 
E. S. Lowe) 

Krypto (Creative Publications; Ed- 
mund Scientific) 

Quinto (Hammett; Selective Educa- 
tional Equipment) 

Twin Choice—a game similar to 
Hearts (Holt, Rinehart and 


Winston) 
The Winning Touch (CCM School 


Materials: school supplier) 
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PAGES 116-117 
Objective 

Given a rectangular array of ob- 
jects and a multiplication or division 
equation related to the array, the 
child will be able to solve the equation. 


Preparation 

Materials 

Graph paper (Duplicator Masters, 
page 66); counters (24 per child) 


To develop interest in this lesson’s 
investigation, you might ask the 
children to mention some uses of 
graph paper. Ask them if they can 
think of ways to use graph paper to 
show multiplication and division, 
and explain that they will have an 
opportunity to do so in this lesson. 


Investigation 
If you do not have 24 counters for 
each child, you will need to direct 
the children to draw pictures on 
the graph paper without first arrang- 
ing objects in rectangular arrays. 
However, many materials may be 
used as counters—beans, paper 
clips, or small squares of paper—and 
children would benefit from using 
the physical objects. Before the chil- 
dren begin with their investigation 
of arranging 24 counters in different 
arrays, discuss other ways to arrange 
12 counters. Note that one of the 
illustrated arrays shows 3 rows of 4 
columns; a different array might 
show 4 rows of 3 columns. Similarly, 
the array of 6 rows of 2 columns 
might be shown differently as an 
array of 2 rows of 6 columns. 
Remind the children that they are 
to record each array they find by 
drawing a picture of it on graph 
paper. Encourage the children to 
work independently, but allow for 
free sharing of ideas. 
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two different ways 


116 





Discussion 

After you discuss exercise 1 with the 
children, discuss in a similar way the 
other arrays they made. Point out 
the terms factor and product. Exer- 
cise 2 relates the arrays to division. 
Emphasize that the total, 24, must 
be recognized in order to find how 
many were in each row. Use other 
examples to illustrate the use of the 
terms divisor and quotient. Sum up 
the discussion by having children 
write the possible multiplication and 
division equations for exercise 3 on 
the chalkboard. 


1X 24 = 24 
24X 1=24 


24+24= 1 
24+ 1=24 


( 


The graph paper shows 


to arrange 12 counters pow 
inarectangular array. 


How many different ways can 


you arrange 24 counters in 


a rectangular array? 8 
(See above.) 


6 How many were in each row ? Can you 
solve this division equation ? 
The factors are sometimes called —————> Divisor OQ 


Multiplication and Division 


@ Are multiplication and division related? 


Investigating the Ideas 


12 
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on graph paper. 


Discussing the Ideas 


1. Did one of your arrays have Ss 
3 rows and 8 columns ? If not, iO Ce 
try it. Can you solve this Soe ee 
multiplication equation ? 
& 
2. Did one of your arrays have 4 rows ? “es 


3. How many other multiplication and division equations 
can you write about your arrays ? See Discussion. 


2X12 = 24 24+12= 2 
12K 2 = "24 24) 2 
3X 8 = 24 24+ 8= 3 
8X 3=24 244+-°3= "8 
4X 6=24 24+ 6= 4 
6X 4=24 24+ 4= 6 
Note that the equation 1 xX 24 


should be included only if the children 
agree to accept an arrangement of 24 
single items as a rectangular array. 


2) 

oy 
G 

Ke 


24, + = 
rand “st 


Record your findings 
by drawing pictures 
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Using the Ideas 


. Draw 4 sets of dots with 5 dots in each set. 
a How many dots in all? 2° Bs Solve:4 x 5 =7n20 


. Draw a set of 18 dots on your paper. 


Ring as many sets of 3 as you can. 
A How many sets did you ring ?6 


. Study the sets. Then solve the equation. 


‘bles 


Ae © 


a es 


ee ee 


3X 7-= al 


Sa eee Ani io ie 


B Solve:18 + 3 
c e «© ee @ 
o eo ° ee 

‘e © ‘© ‘« & 
Go 


. Study the sets. Then solve the equation. 


ee Ke Kw 


24-6= n4 


Kk kk &k KK 


21 —~7= n3 





. Study the sets. Then solve the equations. 





= no 


_ SS C elelelelejelje 
Weegee e : e e e e e e e 
6x4= nz 3x 6= nis Tex 5 = ma>5 
24=-4= ne 18+6= nz 35+5=n7 
. Give the missing numbers. 
a 5 threes are lll. i5 B There are ||| fives in 20.4 
5x3 = nts 20=+-5=n4 
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Using the Exercises 


Assign the exercises on page 117 as 
independent work. If you think the 
children need further discussion, 
work through exercises 1 and 2 to- 
gether. If some children have trouble 
with the exercises, you may want to 
work with them individually or in a 
small group, using counters or other 
physical objects. For example, have 
them separate a pile of beans into 
four cups so that there are the same 
number in each cup. Then ask them 
how many are in each cup. 


Assignments (page 117) 
Minimum: 1-6. Average: 1-6. 


Maximum: 1-6. 





Mathematics 

We relate multiplication to groups 
of equivalent sets and use this rela- 
tionship as a basic definition of 
multiplication because it is an ex- 
tremely simple idea which is easily 
grasped by the children. From this 
basic definition, the children can 
readily relate multiplication to re- 
peated addition, skip counting, and 
number-line activities. Later in the 
chapter, multiplication is related to 
product sets, and then product sets 
are related to rectangular arrays, as 
in this lesson. 

Division corresponds to finding the 
number of equivalent sets of a given 
size. To see how this idea applies to 
multiplication, we have only to look 
at the set interpretation of multipli- 
cation; for example, the equation 
3X 4= 12 is associated with the 
idea of three sets of four. In division, 
when we attempt to find the number 
of sets of four in a set of 12, we are 
actually finding the factor three in 
the multiplication equation 3 X 4= 
12. Note that three is associated with 
the number of sets and four is asso- 
ciated with the number in each set. 
Later, of course, division will be 
shown to correspond to finding the 
number in each set and then related 
to multiplication in a more abstract 
sense. Of course, our basic working 
definition of division eventually will 
be in terms of multiplication. 
Follow-up 
To reinforce the children’s under- 
standing of the set interpretation of 
multiplication and division, write 
several multiplication and division 
equations on the chalkboard. Sug- 
gest that for each equation the chil- 
dren draw a set of objects and circle 
them in a manner which shows the 
meaning of the equation. For exam- 
ple: 

ax 7 = 2iand: 21 a = ee 


0: Ox O+0 OrO"D 
OO 0 OrO,ere 
©. O°-O OVOrOeG 


Resources for Active Learning 

Mathex: Operations and Problem 
Solving No. 8, “Arrays,” pp. 13- 
15, Encyclopaedia Britannica Pub- 
lications Ltd. 
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PAGES 118-119 
Objective 

Given multiplication or division 
problems, the child will be able to 
find the products by repeated addition 
and to find the quotients by repeated 
subtraction. 


Preparation 

Unless you think the children need a 
review of the set interpretation of 
multiplication and division, begin 
immediately with the investigation. 
If you prefer to have a review, keep 
it brief and brisk. For example, show 
rectangular arrays which you have 
previously prepared and have the 
children give you the multiplication 
and division equations which the 
arrays suggest. 


Investigation 

This investigation may be handled 
in a variety of ways. You might 
choose to discuss the two examples 
at the top of the page with the chil- 
dren and then direct them to study 
the investigative questions on their 
own. However, a more stimulating 
approach might be to have the chil- 
dren work in groups of three or four. 
Explain that the two examples of 
repeated addition and repeated sub- 
traction should help them under- 
stand the investigation questions. 
Encourage them to explain to one 
another the meaning of the two ex- 
amples and how they would solve the 
problems. Stress the importance of 
adding and subtracting carefully. 


118 





e Discussion. 


See Discussion. 


0 4 8 es 


a5x8=n 40 


0 4 
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Discussion 

Let the children explain how they 
answered the questions in the inves- 
tigation. Then work through the 
discussion exercises with the children. 
Ask a child to show the repeated 
addition and repeated subtraction 
for exercises | and 2. 


OLE Geto A Ogi Ly 2965 


54 48 42 36 30 
—6 —6 —6 —6 —6 
OY STN er ie eT 

24 LSAtusis: 12 6 
—6 —6 —6 —6 
=iireet a eee 

Use several such examples, if 


5 fours are how many ? 


4+44+4+4+4=20 
Bax 4'= 20 


- aA 48+8=n © 


Investigating the Ideas 


20+=4=5 


Can you add enough fours to find 17 x 4? © 


Can you subtract enough fours to find 52 + 4?'% 





Discussing the Ideas 


cy ip Explain how you could find this product by adding. 7x9 


4. Use the number line to help you solve the equations. 


16 20 24 28 32 36 40 44 48 


B 6x 8=n 48 


5. Use the number line to help you solve the equations. 


8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 


c 56+8=n7 


Bp. 32-8=n* 


necessary, to help the children see 
how repeated subtraction relates to 
division. It would be helpful to use 
a number line on the chalkboard or 
a commercial number line while dis- 
cussing exercises 4 and 5. 


®@ Are there other ways to find products and quotients? 


How many fours in 20 ? 


o 20 6 Z 8 é 
es —4" | 4 eee 
S| 16, 12 Sone dee oO) 


See 
Investigation. 


2. How could you find this quotient by subtracting ? 54-6 


3. Add together a “string of sevens” (as many as you want). 


Write a multiplication and a division equation about your work. 
Sample answer: 7+7+7+7=28 4x7=28 28 +7=4 


five LG OEE Re 7 TA eee 


c 4x 8=n 22 


1. Solve the equations. 


a6+6+6+6= n24 
4x6= 124 
B9+9+9= n27 
= OS eT, EE 


2. Copy the equations. Write the missing numbers instead of n. 


a 24-—8= nie B 45-9= nae 
16-—8= ns 36 —9= n27 
8-—8= No 27—9= nig 

18-—9= n9 





3. Think about the black arrows and write a multiplication equation. 
Think about the red arrows and write a division equation. 


aL SEE _==__—T 


A 


0 
3x8=24 
Pek ee 


a LY NY 


B 
5x 8=40 9 
40>6=5 


S 0 
6@x7=42 
42-7=6 


% 4. Use addition or subtraction 
to solve these equations. 


a 2 x 5280 = ni0560 
B 204+ 68=n3 

e 3 x 526 =n \s78 

p 332 + 83 =n4 

E 3 x 27 800 = ng3400 
F 300 = 75=n4 

« 147+ 49=n3 


no 





2 4 6 8 10 12 14 16 


4 8 12 16 20 24 28> 32 


py Sy EE yy aN ae 


7 14 21 28 


More practice, page A-11, Set 18 


Using the Exercises 
Assign the exercises on page 119 as 
independent work. When the chil- 
dren have finished, allow time for a 
discussion. Encourage the children 
to explain how the pairs of equations 
in exercise 1 are related to each other. 

Starred exercise 4 is intended for 
more able children. Some children 
may recall the multiplication algo- 
rithm for parts A, C, and E, but the 
problems may also easily be solved 
by repeated addition. Similarly, parts 
B, D, F, and G may be solved by 
repeated subtraction. 

The children will actually apply 
the distributive principle in solving 
the Think problem. Because 


Chyna 7 Eran on 
4x7= n2e 

do8+8+8+48+48= nao 
5x8 = nao 





Using the Ideas 


c 28—7= nz2i 
21 —7= m4 
14-7= n7 
7—7= no 
28+-7=n4 


18 20 22) 524 


36 40 44 48 


35 42 


qe) 





(587 & 7285) + (1 X 7285) 
= 588 X 7285 
the children can add 7285 to the 
given fact 587 X 7285 to obtain the 
first answer (4 283 580). 
Similarly, they can think 
(587 X 7285) — (1 X 7285) 
= 586 X 7285 
to obtain the second answer 
(4 269 010). 


Assignments (page 119) 
Minimum: 1-3. Average: 1-3. 
Maximum: 1-4. 


Mathematics 

Relating multiplication to repeated 
addition is quite simple once we take 
the idea of equivalent sets as the 
basic working definition of multipli- 
cation. To relate multiplication to 
these sets, we consider the total num- 
ber of objects, or, in other words, we 
form the union of the sets involved. 
Of course, set union is related to 
addition, and this automatically leads 
to the interpretation of multiplica- 
tion as repeated addition. 

A problem arises in this interpreta- 
tion when working with products 
involving zero and one. However, at 
this stage, the children are working 
primarily with the ideas of multiplica- 
tion that do not involve factors of 
zero and one. Repeated addition will 
not be considered when there is a 
first factor of zero or one, since addi- 
tion is an Operation performed on 
two numbers and it makes no sense 
to speak of adding O threes or of 
adding 1 three. 

Having related division to the idea 
of finding the number of given-sized 
sets within another set, we can easily 
show how division relates to repeated 
subtraction. The example on the 
right at the top of page 118 shows 
this clearly. By starting with 20 and 
subtracting 4 at a time, we find that 
we can subtract 4 five times; hence 
the division fact 20 + 4 = 5. 
Follow-up 

Many children would benefit from 
a worksheet of exercises like those 
shown in this sample. 


Write and solve a multiplication or 
division equation for each. 
1.5+54+5+5+5+4+5 
2. 204 + 204 + 204 
3) 27 8 9 


—9 






Resources for Active Learning 
Developmental Math Cards, H'4, 
Addison-Wesley. 


Workbook, page 31 
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PAGES 120-121 
Objective 

Given short picture or word prob- 
lems which require multiplication or 
division, the child will be able to solve 
the problems by using a power-skill 
method such as repeated addition or 
subtraction, the number line, or set 
interpretation with counters. 


Preparation 

Since this lesson has no specific 
investigation or discussion sections, 
you might develop the pattern of the 
If-Then problems before the children 
begin to work on page 120. For ex- 
ample, prepare them for these prob- 
lems by giving them oral problems 
like these: 


If 1 team has 5 players, 

Then 3 teams have how many 
players? 

If each girl has 4 books, 

Then 7 girls have how many books 
in all? 

If each boy can eat 2 hamburgers, 
Then how many boys will it take 
to eat 12 hamburgers? 


120 


Short Picture Problems 


Discussion 
It is important for children to under- 
stand how to interpret these prob- 
lems correctly. For this purpose, 
read through the first 3 or 4 prob- 
lems with the children. You may or 
may not decide to include discussion 
of the answers as you do this. The 
first problem would be read in the 
following manner: 

If 1 wagon has 4 wheels, 

Then 3 wagons have how many 

wheels? 
When the children understand how 
to read the If-Then problems, en- 
courage them to solve the problems 
by using any power skill they choose 
(or any valid method they recall 





from Book 3). You might provide 
counters and a number line for those 
who need them. During your dis- 
cussion ef this page, you might have 
them use the pictures to make up 
stories about each problem. Notice 
that the starred exercise may be 
solved by repeated addition. 


25+ 25+ 25 + 25+ 25 + 25 = 150 
or, algorithmically: 25 

x6 

150 


In either case, children should 
realize that 150 cents is $1.50, or 
one dollar and 50 cents. 

Page 121 provides children with 
further practice in determining 








Short Stories 


Write a multiplication or division equation 

for each exercise. Then find the solution. 

4 boxes. 8 crayons in each box. 
How many crayons ? 4x8= 32 





24 marbles. 3 in each bag. 1 
How many bags ? 24=3=8 





rer.) . 
9b 3 sets. 7 cards in each set. 
How many cards ?3x7=2! 


PES | 


5 bags of candy. 7 pieces in 


each bag. How many pieces ? 
5x7=35 
30 band members. 5 in each row. How many rows ? 30 5=6 


RAK 


32 children. 
Divided into groups of 4. 


How many groups ? 32+ 4=5 


1@ 





36 boys. 9 on each team. 
How many teams ? 36=9=4 


6 cards. 6 pencils on each card. 
How many pencils ? é6xa=36 





7 boxes. 4 tennis balls in 
each box. How many tennis balls ? 
7x4=28 


Candy: 5 cents each. 
Had 25 cents. 


Can buy how many ? 
25-5=5 





* gh ah 84 children. 
28 in each class. 
How many classes ? 
84+28=3 





* [2 Ballpoint pens: 39 cents each. 
Bought 4. How much in all ? 
4x 39¢=I156¢ or $1.56 a 


whether multiplication or division 
will solve a problem. The children 
are instructed to write equations for 
these exercises. For example, they 
might write 4 X 8 = n for exercise 1, 
nX3= 24 or 24+3 =n for exer- 
cise 2, and so on. 


Assignments (page 121) 
Minimum: Odd-numbered problems 
1-9. Average: 1-10. Maximum: 1-12. 


Follow-up 

Write several equations using the 
basic facts on the chalkboard and 
encourage children to make up short 
story problems of their own, You 
might use some of the following 


equations: 
3 Oa ax o=7 
155+5=n 64+8=n 
42+7=n 28+4=n 
TPS Sa 6X4=n 


121 


PAGES 122-123 


Objectives 

Given a multiplication fact and 
another equation with the same factors 
in commuted order, the child will be 
able to apply the order (commutative) 
principle to find the product. 

Given 0 or I as factors, the child 
will be able to find the product. 


Preparation 

Although there is no investigation 
section in this lesson, it would be 
suitable to begin immediately with 
the text: However, if you prefer, use 
a short oral drill to review the basic 
multiplication facts. 


122 








122 


Discussion 
To introduce exercise 1, you might 
write on the chalkboard other exam- 
ples of the additive order principle. 
Then encourage several children to 
describe the principle in their own 
words. ; 
As you discuss exercise 1B with 
the children, have them observe that 
they can think of two multiplication 
equations for the rectangular array, 
by thinking first of columns and then 
of rows. You might expect them to 
state the principle somewhat like 
this: “When we change the order of 
the factors, we get the same product.” 
As you discuss exercise 2, help the 
children to see that multiplying by 


Discussing the Ideas 


1. a There is an ORDER PRINCIPLE for addition. Sample answer: 
Here is an example: 
6-7 = 13 


In columns 





We see 5 sets of 4. 

We write: 5 x 4 = n20 
Can you solve the equations and give this principle 
for multiplication in your own words ? See Discussion. 


4 sets. 1 dot in each. 


CAS 


4 sets. 0 dots in each. 


OOS 


@ Let’s exp/ore some basic principles. 


7+6=13 


Can you give this principle in your own words ? 
B Is there an ORDER PRINCIPLE for multiplication ? 
Here are two ways to think about a set of 20 dots. 
In rows 





2. Can you solve the equations and give a principle about 
multiplying by one ? Sample answer: 


The product of one and fa 
is the same as the otn sth ae ieee en 


1 set of 4 dots. 


A oo Be 
i a4=V7 
z 





3. Can you give a principle about multiplying by zero ? 
Sample answer: The product of zero and another factor is zero. 


O sets of 4 dots. 





one is similar to adding zero. 


4+0=4 4x1=4 
The sum or product is the same as 
the original number. You might 
have the children perform several 
multiplication operations in which 
1 is a factor before you ask them 
to verbalize the principle. Similarly, 
in exercise 3, have them study several 
examples of multiplication by zero. 
For exercise 3, the children might 
give a statement such as, “Any num- 
ber multiplied by zero is zero.” 


woe we range 
rider o dends, 
we fod get the same 





We see 4 sets of 5. 
We write: 4 x 5=n2o 


. Find the missing numbers. 


A 
B 
c 
D 
E 


. Find the products. Use the table if you need help. 
See Answers, TE. p.i23. 


A 


0 Oo B 


. Find the missing numbers. 


A 


. Find the equation that has 
no solution. Find the equation 
that has many solutions. Solve 
the other equations. 


A 
B 
c 


D 
KE 


%* E has no solution - 


Using the Ideas 


Since 4 x 3 = 12, we know that 3 x 4= nii2 
Since 3 x 6 = 18, we know that 6 x 3 = nis 
Since 5 x 3 = 15, we know that 3 x 5 = nis 
Since 8 x 7 = 56, we know that 7 x 8 = n.se 
Since 9 x 6 = 54, we know that 6 x 9= n.54 





14% 8 ~e 15x 19 |38 x 56 = 2128] 27 x 16 = 432 
56 x 38 F 28 x 37 |49 x 57 = 2793 | 28 x 39 = 1092 
49 x 36 a 39 x 28 |37 x 28 = 1036/19 x 15 = 285 
16 x 27 wn 57 x 49 |36 x 49=1764) 8x 14=112 





Since 9.x-1.=-9, 
we know that1 x 9= n.9 
Since 5 x 0=0, 
we know thatO x 5= n.o 


since! x / = 7, 

we know that 7 x 1 = n.7 : : 
Since 0 x 8 = 0, Give the pairs of numbers (in || 
we know that 8 x 0= n.O 


order) for the gray spaces. . 


Products == 
<= 33 


"Differences | 








qn Oe nor r 9x n, = 94 
Ox 1= ne «nx i= 78R 
ex n= 55 *#n 0 x.n =O § 
nm xe 00) 586 x 0= no 
Wn = 24 3/0 x 76 =.n0 








H has many solutions. 


Using the Exercises Answers, exercise 2, page 123 
Assign the exercises on page 123 as_ A 112 E 285 
independent work. Point out that B 2128 F 1036 
exercises 1 and 2 apply the order C 1764 G 1092 
principle of multiplication and that D 432 H 2793 


exercises 3 and 4 deal with the special 
properties of zero and one. When the 
children have finished, allow time for 
checking the papers and discussing 
the exercises. 


Assignments (page 123) 
Minimum: 1. Average: 1-3. 
Maximum: 1-4. 





Mathematics 

Rectangular arrays are quite useful 
in investigating principles of multi- 
plication. The material on page 122 
shows that we can think about the 
rectangular array of dots in either 
columns or rows and thus illustrates 
the order (commutative) principle 
for multiplication. A formal state- 
ment of this principle follows: 

If a and b are whole numbers, 
then 

a0 — Cee U, 

The two generalizations concern- 
ing the special multiplicative proper- 
ties of zero and one are as follows: 

For each whole number a, 


ax] 0! 
For each whole number a, 
(HOS Ne), 


Follow-up 

A worksheet such as the following 
should strengthen the children’s un- 
derstanding of the order principle. 


Study the equations. Then find the 
missing numbers. 









DX De, Kot 
SO = tt hes 
Sot Seah 
4X6=6X _ 
So 0 =e 
O-X = XS 
OFX TS Le OS 
47 X 38 = _ X 47 






291 X 635 = 635 K __ 
850 X 742 = 742 « __ 
616 X 166 = ___ X 616 
378; X{9UTg= 92 1e Komis 
3174 X 4175 = 4175 X 
62 830 x 941 = __ X 62 830 









Workbook, page 32 
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PAGES 124-125 
Objective 

Given factors in a multiplication 
equation, the child will be able to 
apply the multiplication-addition prin- 
ciple, by ‘“‘breaking apart’’ the first 
factor. : 
Preparation 
Materials 
graph paper; crayons; scissors 


@ Let's explore the multiplication-addition principle. 


Investigating the Ideas 


It would be suitable to begin this 
lesson immediately with the investi- 
gation. However, if you prefer, re- 
view a few basic multiplication facts 
shown in rectangular arrays. 





Here is another way 
to think of 6 fours. 


The graph paper shows 


Investigation 
6 columns of 4 squares. 


Read the material at the top of page 
124 with the children. Before the 
children begin to color the columns 
of 4, you might suggest that they 
mark the squares with dots so that 
they do not inadvertently color 
more than 4 squares in a column. 
Remind them to record the combina- 
tions they color. Also suggest to 
those who finish quickly that they 
color the squares in different ways 
to show 7 fours or 8 threes, and so 
on. If a child wants to use three 
crayons to color, for example, 2 
fours, 2 fours, and 2 fours, allow 
him to do so, but do not make this 


Using graph paper and two crayons, how many other ways 





can you color the rectangle to help you think of 6 fours ? 
ts : 


5 fours + | four, 3 fours + 3 fours ( See igation.) 


Discussing the Ideas 


1. Read the sentence and give the missing number. 
a 6 fours are the same as 2 fours and __ ?__ fours. 4 
B 6 fours are the same as 3 fours and __ ?__ fours. 3 
c 6 fours are the same as 5 fours and __ ?__ four. ! 


2. Complete this sentence in as many different ways as you can. 


_ 7 fives are the same as __ ?__ fives and __ ?__ fives. 
6and i,orland 6; Sand Z, or Zand 5; 4and 3,or Zand 4 


3. You might think about the multiplication-addition principle 


suggestion yourself, for the main 
purpose here is to help the child to 
begin breaking apart a factor into 
two groupings as he will do in study- 
ing basic facts and in multiplying 
with a 2-digit factor. 


124 





like this: 


124 


Discussion 


As you discuss exercise 1, have 
several children show the ways in 
which they thought of 6 fours. In 
connection with the discussion of 
exercise 2, have the children explain 
ways of thinking about some other 
examples, such as 7 fours or 8 threes. 

During this discussion, use such 
language as, “For 6 groups of four, 
we can think of 4 fours and 2 fours.” 
Illustrate such an example with a 
multiplication equation, such as 
6X4=(4X4)+( X 4). This lan- 
guage often helps children to under- 
stand the ideas behind the statement 
of the multiplication-addition (dis- 
tributive) principle. 


What number did you “break apart”’ in exercise 2 ? 7 


You might also display rec- 
tangular arrays on the chalkboard, 
flannelboard, or overhead projector. 
With yarn or chalk, circle sets in 
rows and columns, and ask the chil- 
dren to give you a multiplication 
equation for each array. Partition 
the set by rows or columns again, 
and ask the children to tell you the 
resulting factors. Explain that this is 
an application of the multiplication- 
addition principle, which allows us 
to find a product by breaking a fac- 
tor into parts and adding the parts. 


3. 





4 threes and __ ?__ threes 3 


A 


t+] 


Coe 
e 
e 


Find the missing number. 
Then solve the equation. 


3a 7 twos — (4 twos and |llll twos re a gine 


Sak Ot (4% 2)r-+ Cn 2) A 


28 7twos-> (twos and |jil twos)| 


27x 2=(5x2)4(n x 2)/2, 


1c 7 twos (6 twos and lll two 


17x2=(6x2)+(n x 2) — 





. Give the missing numbers. 
A 7 threes 


2 fours and __?__ fours 3 
. Find the missing number of threes. 


fe For 6 sets of 3, we can think 
; ei 4 threes and |\iii threes. 2 
Seis ee 
ed @ © e e 
= ©} 2 G 3 threes and |i threes. 3 
ee e e i: 
Ss © i ie: 
@e @ e e e 


Using the Exercises 
Unless you think your class needs 
further discussion, assign the exer- 
cises on page 125 as independent 
work. Exercise 3 might necessitate 
further discussion. It is important 
for children to be able to relate their 
verbal “breaking apart’’ of a factor 
with the mathematical equation. 
The Think problem is intended for 
any children who wish to try it. 
Allow some to explain their solutions 
to the class. 


B 5 fours 





For 6 sets of 3, we can think 


For 6 sets of 3, we can think 


5 threes and lili three. | 


Using the Ideas 





125 


Assignments (page 125) 
Minimum: 1-3. Average: 1-3. 
Maximum: 1-3. 





Mathematics 

A formal statement of the multiplica- 
tion-addition (distributive) principle 
follows. 

For all whole numbers a, b, and c, 

axX(b+c)=(aX b)+(aX oc). 
The interpretation of multiplication 
as repeated addition is directly re- 
lated to the distributive principle: 

9X3=5xXd+1+1) 
=3+35+5 
7X4=7XU+14+141) 
=7+7+7+7 
In each instance, we think of the 
second number as a sum of ones, 
and then multiply each of the ones 
by the first number. 

Rectangular arrays are useful in 
demonstrating the multiplication- 
addition principle. The illustration of 
colored graph paper at the top of 
page 124 shows the children that 
they can think about the multiplica- 
tion-addition principle in multiplica- 
tion as breaking a factor apart. The 
rectangular arrays shown in the 
follow-up section point out the fact 
that we can “break apart’ either 
factor. 

Follow-up 

You might have the children write 
equations that correspond to the dif- 
ferent ways in which they colored 
the squares for various factors. 

You might prepare a worksheet to 
reinforce the concepts in this lesson. 
For example, draw (or transfer from 
graph paper) rectangles of various 
shapes. Show beneath each rectangle 
a partially completed equation. In- 
struct the children to complete the 
equation and color the rectangle with 
two crayons to match the equation. 

Sample problems as they might 
appear on children’s worksheets 
follow. 





Resources for Active Learning 

Discovery, Section II, Unit 17/5,6, 
Encyclopaedia Britannica Educa- 
tional Corp. 


Workbook, page 33 
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PAGES 126-127 
Objective 

Given the problem of finding prod- 
ucts of single-digit factors in which 
one factor is 0, 1, 2, 3, 4, or 5, the 
child will be able to find the product. 


Preparation 

Materials 

index cards (unlined, at least 10 
per child); stopwatch or any watch 
or clock with a second hand; 
duplicated copies of a_ blank 
multiplication table (Duplicator 

Masters, page 62) 

Although no specific preparation 
is necessary, you might ask the chil- 
dren what facts they think are the 
“easier” multiplication facts. After 
several children have given their 
opinion, explain that in this lesson 
they will review multiplication facts 
up to the five facts. 


Investigation 

After you have distributed the 
materials and read the investigation 
question with the class, direct the 
children to choose a set of facts. 
Encourage the more capable children 
to choose a set that seems more dif- 
ficult to them. If you prefer, assign 
specific sets to specific children, ac- 
cording to degree of difficulty of the 
set and ability of the child. As the 
children work on the cards, encour- 
age them to be sure of the products 
they write. Remind them that they 
can figure out an unknown fact in 
a variety of ways. They might use 
repeated addition or a number line. 
Or they might use a known fact and 
apply the multiplication-addition 
principle. For instance, if they know 
thidtes 5e5638 = ADL) then 5454.9 = 
(5 X 8)+(65 X 1) = 40+5 =45. 


126 


Investigating the Ideas 


One pack of fact cards 
has been opened. 






Can you make all the cards 
in one of these sets of facts ? 





Discussing the Ideas 


1. Do you know the facts when 0 or 1 is a factor ? 
Can you find these products in 1 minute ? Try it. 
A 0% 79 pd 1 x 66 @Iex<-33.-9 00% 09m 8e1S 
Boy x\1%e Onw4° nw 1’x 11 « 5x 15 5 7 x00 
¢ 5x0°F 9x09: 0x 89L 1x09 0 Ox 30 


2. Do you know the facts when 2 or 3 is a factor ? 
Can you find these products in 2 minutes ? Try it. 
A2x5!9p 5x 3156 2x 24 5 2 x 612 wm 3 x 72! 
B 7X 2\4e 3 x 824n 2x 36 xk 6 x 3'8 nN 3 x 515 
ec 3x 4125 8x 2!¢;, 4x 281 2x 9180 6 x 212 


126 





Discussion 
One of the chief purposes of this 
lesson is to begin a systematic review 
of basic multiplication facts. If the 
children recall the special properties 
of 0 and 1, they should easily finish 
exercise 1 within one minute. It 
would be helpful to have them letter 
their papers from A to R before they 
begin each exercise. Some children 
may need the full 2 minutes for 
exercises 2 and 3, in order to figure 
out a fact which they cannot recall. 
After you have checked the answers, 
ask volunteers to explain any method 
they used to find them. 

Help the children realize the im- 
portance of knowing these facts by 


co1lx 44 6 4x 312) 


3. Do you know the facts when 4 or 5 is a factor ? 
Can you find these products in 2 minutes ? Try it. 
A 4x 25 pD 7 x 5256 7 x 4285 8 x 540m 0 x 4° p 4 x 520 
B 5 x 650 4 x 832n 3 x 515k 4 x 624n 5 x 9450 0 x 50 

5 x 2!0L 4x 4!©9 5 x 525k 9 x 436 


memory. The power skill of under- 
standing how to figure out an un- 
known fact from a known fact or 
from understanding the basic multi- 
plication concept is important, but 
this discussion section stresses the 
added importance of the speed skill. 
Encourage children to make cards 
for facts which give them difficulty 
and to try to memorize them. 


® Do you know the “easier” multiplication facts? 








P Joe 2e2 
a 6 x 00 
rR 9x 12 


pP 2x 714 
a7 x 32! 
r 3 x 927 





























A. Find the products. 
A 2x3 6 dp 2 x 9Yig a 6 x 212 padessao 8 
B 5 x 210 Eee a Ad Hn OSG 26 K 3 x 26 
c 8 x 216 Foo xX 12 tee eX A boa S16 
ts Find the products. 
Boo Xk D2t gc 6 x 318 y 4x 312 
ees x. / 2 HOx30 kK 3x39 
c 8x 324 F3x13 382-6 t 3 x 824 
4x 3.12 p 4 x 936 Gc 6x 424 J 4x 416 
B 5 x 420 —E 4x 728 H Ox 40 Kk 3x 412 
8 x 432 FLA xe 1A ae ee ae L 4x 822 
4. Find the products. 
p 5x 945 e 6 x 530 ys 4x 520 
B 5x 525 E5x 735 H Ox 50 Keon 51S 
8 x 540 F5x15 1 53x) 2ito . 5 x 840 
5: 6. Copy the table. Complete the 





3x 551 4x 4tea 3 x 26 


A 
Bee xX.Olz7s 1S rk 6 xX.00 
c 6 x 530x 4x 28s 5x 525 
D 


5x 00.1 2x 8leéTt 1 x 33 


P< teNAORSS O.Osv,.0, Xa7 O 


4 x 624m 3 x 618 u 4 x 520 


Using the Ideas 


colored part of the table. 


5 x 8400 9 x 327w 8 x 432 
4x3i2ep 9x19 x 5x 210 


Using the Exercises 

You may treat page 127 as a straight- 
forward practice page, or you may 
use it as a diagnostic tool to deter- 
mine what practice the children need 
on these easy facts. In either case, 
when you check the children’s an- 
swers with them, point out that 
knowing the product of 5 X 6 en- 
ables them also to know the product 
6X5. Help them see that such 
applications of the order or com- 
mutative principle leave them with 
only 16 facts to study. It would 
be helpful to prepare duplicated 
copies of the multiplication table for 
use in exercise 6 and in the following 
lesson. 





Assignments (page 127) 
Minimum: 1-5. Average: 1-5. 
Maximum: 1-5. 





Follow-up 

To give the children further practice 
with the “easier” multiplication facts, 
divide the class into two or three 
teams for a relay competition. On the 
chalkboard make a chart for each 
team. Have the teams fill in the 
chart using a relay method. Have the 
children record which team finishes 
first, second, and so on. Then check 
the charts for correct answers. The 
first team finished with the highest 
number of correct answers wins. 


Sample charts: 


Team A Team B 
ENA TES!” Greenest ein pes 
3 5 
4 3 
2 7) 


You might want to award three 
points for the first team to finish, 
two points for the second team, and 
one point for the third team; and 
award one point for each correct 
product. The winner is the team with 
the most total points. 


Workbook, page 34 


127 


PAGES 128-129 


Objective 

Given the problem of finding prod- 
ucts of single-digit factors in which 
one factor is 6, 7, 8, or 9, the child 
will be able to give the products. 


Preparation 

Even after a clear presentation of the 
facts and adequate drill, some chil- 
dren will continue to have difficulty 
mastering all of the facts. Therefore, 
a brisk oral drill is often suitable to 
begin a lesson. For example, ask the 
children to give the products of the 
“easier” multiplication facts. You 
might include the “breaking apart” 
of some factors also, such as “7 X 5 
may be thought of as 4x5 and 
SOY 


Investigation 

One of the important goals of this 
lesson is to help children understand 
how to apply known facts to figure 
out facts they cannot recall. Study 
and discuss with the children the 
three methods shown for finding 
8 X 6. Then have the children work 
independently to discover and record 
ways of finding 7 X 6. For the faster 
children, suggest other examples such 
as9OCh or 7 x 9: 


128 
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Discussion 
Throughout this discussion, when- 


ever you demonstrate “breaking 
apart” a factor, break apart the first 
factor (though there is no specific 
rule regarding this). For example: 


7X6=(4X6)+( X 6) 
9X8=(4X 8)+ (65 X 8) 
7X9=(4X94+( 9) 


When you refer to such equations, 
use both the mathematical reading 
of the equation (“Nine times eight 


equals four times eight plus five — 


times eight”) and a paraphrased sen- 

tence (“Nine eights may be thought 

of as four eights and five eights’). 
You may wish to give some chil- 





How many ways can 
1 you find 7 x 6? 


ts Solve the equations 
tofind ine proces inthe 6row. | 0. 
36a 6x6: (3x6) +(3x6)=n [1] 
428 6x7: (3x 7)+(3x7)=n 2 | 
4sc 6x8: (3x8)4+(3x8)=n 
54pn 6x9: (3x9)+(3x9)=n 


2. Use the order principle to find 
the products in the 6 column 
(e, F, c in the table). re | 

E42 F48 G54 
7’ facts Solve the equations to find the products in the 7 row. 
RTS Ti (6x 7)+7= na49 
B 7x8: (6x8)+8= nse 


@ Let's explore the “/arger” multiplication facts. 


Investigating the Ideas 


Use one of these methods to help you find 8 x 6. 





Sample methods: GtG+G+G+Gtore 


(© XG) +C1xG) or (5x6)4+(ZxG), etc. 
ox7 





Record your 


(Children’s methods 
; will varq.) 
different methods. 


See Investigation. 


[x}o}s|z]3]4]s5|6 [7 |e} a) 


7 | 





c 7x9: (6x9)+9= ne 


4. Find the products in the 7 column (k, cin the table).x 56@ L 63 


dren a chance to try to work through 
the discussion exercises independ- 
ently before working through them 
with the class. 


Using the Ideas 


T "8" facts” Solve the equations 


to find products in the 8 row. 
a 8x8: (4x 8)+(4x8)= me 
B 8x9: (4x9)+(4x9)= m2 
c Use the order principle 


to find 9 x 8 (cin the table). 
2 







9 ; Solve either of the 

equations to find 9 x 9. 

vd 9x9: (8x9)+9= nai 
9x9: (10x 9)—9= nga 


-2. Find the products. 
AlxOOE 7 x 5351 7 x 9eam 8 x 64ga 9 x 2igu 9 x 654 
pB /x17F 7 x 6425 8 x 324m 8 x T5eR 9 x 327v 9x Joa 
c / x 214e@ 7 x 749K 8 x 4320 8 x 8g4s 9 x 4agw 9 x 872 
p 7 xX 321n 7 X 856t 8 x 5aop 8 x OQ72T 9 x 545x 9 x Ya 


3. Find the products. 
Boe B O c 4 pd 4 E 6 F 8 e 9 
6 ate 7 


x6 oe | 4 x9 x6 x x 
SES Ese CC 5G a8 es 
Hy 23 1 6 25) eed Ka O E one m 6 n 6 
x9 ats} x9 x9 x9 wad, x8 
27 48 63 ~90 “54 42 48 


4. Find the products. 
aA 6x 0o c 6 x 63ge 5 x 9456 6 Xx 7421 5 x Sox Ox O00 
B9Yx19 vp 6 x &6F 7 x 856n 5 x 525u 0x You 8 x 972 


Write two 1-digit numbers whose product is one less than 
the product of the numbers given. 

Example: 5,5—> 4 x 6is one less than 5 x 5. 
A4425 8 6657 ¢ 8879 02213 


* 5. 


F 3,32,4 
(or 1,8) 


129 


E /,/62 


More practice, page A-11, Set 19 





from observing the pattern which 
develops. 


Using the Exercises 
Use exercise 1 on page 129 as a basis 
for further class discussion. Have the 
children discuss and solve the equa- 
tions and then complete the table 
begun in the previous lesson. As you 
discuss the equations, continue to 
paraphrase them as mentioned in the 
preceding discussion section. 
Exercises 2, 3, and 4 provide prac- 
tice with the facts. If necessary, per- 
mit children to use their multiplica- 
tion table. However, encourage 
children to try to learn the facts by 
memory rather than depend on the 


Follow-up /‘‘Combo’’ 
A game similar to bingo will help the 
children review multiplication facts. 
The object of the game is to cover 
five products in any row, column, or 
diagonal as the caller shows the 
facts on flash cards and calls them 
out. The caller should give only the 
factors, leaving to each player the 
task of finding the correct product. 
Winners call “Combo” and _ verify 
the products from a master sheet. 
To make the game, cut 10-by-12 
centimetre cards and rule 30 two- 
centimetre boxes on them. Fill in 
“Combo,” “Free,” and products at 
random (see illustration). The 
players should have plastic or paper 
discs to cover products. (Note: The 
caller should have a master sheet of 
facts, and the flash cards he uses 
should be large and easy to read.) 


eS pera 
| 25; |72)| ab ess 
(2) 22 healed 
8 | t6 free 32 |20 
| 2 ee el 
BREE: 


Resources for Active Learning 

Mathex: Operations and Problem 
Solving, No. 8, ‘““Tables,” pp. 15- 
16, Encyclopaedia Britannica Pub- 
lications Ltd. 








Duplicator Masters, page 24 
Workbook, page 35 
Skill Masters, page 24 


multiplication table. 
Starred exercise 5 is intended for 
faster children, but all may benefit 


Assignments (page 129) 
Minimum: 1-4. Average: 1-4. 
Maximum: 1-5. 
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PAGES 130-131 
Objective 

Given the multiplication facts for 
5, 8, or 9, the child will be able to 
discover patterns for these facts. 


@ Are there patterns for the multiplication facts? 


investigating the Ideas 


Preparation 2x9=18 
To prepare for this lesson, you might The set of products when j 

briefly review the 8 and 9 facts. It 9 ies aie aes 3x9 a 27 
would be equally appropriate to interesting patterns. 4x9=36 


begin immediately with the investiga- 
tion, if you prefer. 

Investigation 

Read with the children the material 
at the top of page 130. Help them 
understand that the question asks 
them to search for patterns in the 
facts that are illustrated and to use 
the ideas suggested by these patterns 
to complete the list of products. En- 





wt | Can you find the rest of the products z Kane 
without thinking about multiplying ? ee Lote 


courage the children to study the 
given facts independently and try to 
discover some pattern on their own. 
After several minutes, allow the chil- 
dren an opportunity to share the 
patterns they discovered. Such a dis- 
cussion should lead naturally into the 
discussion section in the text. 


130 





See Discussion. 


the nines. Test it 


list to9 x 9. 
See Discussion. 


130 


Discussion 


The main purpose of this lesson is to 
provide children with an opportunity 
to experience enjoyment in discover- 
ing interesting patterns, which, inci- 
dentally, may serve as mnemonic 
devices for recalling the basic facts. 

Some of the patterns the children 
might find for the “9 facts” are (1) 
the sum of the digits of each of the 
products is 9; (2} the products may 
be put in pairs according to reversed 
order of digits: 45, 54; 36, 63; 27, 
72; 18, 81; (3) when listed vertically, 
the products show the pattern of 
increasing tens and decreasing ones; 
(4) in every product the digit in the 
tens’ place is one less than the factor 


3. Here is a pattern for 


by completing the 


Discussing the Ideas 


1. The products 5 x 9 and 6 x 9 both have the same digits, 
4 and 5. Suppose you can’t remember which is which. 
Can you think of something that would help you ? 


2. Are there other pairs of products above that have 
the same digits rs 18, 81; 27,72; 36,63 


1x9=10-1 
2x9=20-2 
3x9=30-3 
4x9=40-4 
5x9=50-5 
6x9 = 60-6 
7x9 = 70-7 
8x9 = 80-8 
9x%9 = 2-7 

90 9 


other than the 9 (8 X 9 = 72). 

As you discuss exercise 1, children 
might use one or two of the preced- 
ing patterns as an aid in remember- 
ing the products 5 X 9 and 6 X 9. 
You might also point out that since 
6X9>5X9 and 54> 45, 6x9 
must equal 54 and not 45. 

Some. children may have dis- 
covered the pattern discussed in 
exercise 3. Such a pattern might help 
children see the relation of multiples 
of ten to products of 9; for example, 
if we know that 6 X 10 = 60, then 
6 X 9 will be 6 less than 60 or 54. 
This may be viewed in terms of the 
multiplication-addition principle: 
10X6=(9 X 6) + (I X 6). 





Follow-up 


2 Using the Ideas Children might enjoy making posters 
which display the patterns they found 
1. Continue this list to 9 x 5. 2x5=10 in the investigation. 
What can you say about the 3%5= 15 Resources for Active Learning 
product when 5 is a factor ? 4x5 = 90 Developmental Math Cards, F'17, 
The ones’ digit is 5 ab OR Addison-Wesley. 
Gen = 30 Mathex: Operations and Problem 
7X5 = 35 Solving No. 8, “Patterns in Multi- 
8x5=40 Suen ” : 
9x 5=45 plication,” pupil pages 19, 20, 
2. Some facts have a kind of rhyme. Six times eight ee oe 
Can you find other facts that rhyme ? is forty-eight. ee : 
Sample answer: Seven times five 
is thirty-five. 
3. Here is a pattern for the 1x 8=10 — 24x8=40-8 
i ? X%8= 50-10 
eights. Check it by 2a Or= 20) nd SXB 260-12 
completing it to 9 x 8. 3.x 8 = 30 2 6'St2=ee-¢ 


fs] = = [6 
rol oa ow [| 
elm = [| 
ice aca 
ef a oe oe [| 


| 
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Using the Exercises 

You might choose to use the exercises 
on page 131 as a basis for further 
discussion. If so, however, let the 
children enjoy the chance to discover 
the patterns on their own before 
they are discussed. You might sug- 
gest that some children work together 
to facilitate sharing of ideas. Exercise 
3 may stimulate some children to 
investigate patterns with other fac- 
forsusucmase! < L110 — 3, 2.%-/ 
= 20 — 6, and so on. 


Assignments (page 131)* 
Minimum: 1-3. Average: 1-3. 
Maximum: 1-3. 
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PAGES 132-133 
Objectives 

Given short word problems which 
require multiplication, the child will 
be able to solve the problem by apply- 
ing his knowledge of multiplication 
concepts and the basic multiplication 
facts. 

The child will demonstrate his abil- 
ity to work with the concepts indicated 
for cumulative review. 


Preparation 

Any oral review, such as mental 
chain games, would serve as a suit- 
able preparation for page 132 and 
page 133 as well. For example: 

“Start with 8... Multiply by7.. 
Subitact, 2... Divide by 9. Your 
answer is ? ” (6) 

“Start with 63... Divide by9... 
Add 7... Subtract 5... Multiply 
by 7. Your answer is ? ” (63) 

“Start with 6... Multiply by 6. 
Subtract 6... Divide by 6. Your 
answer is ? ” (5) 

“Start with 4... Multiply by 7. 
Add 2... Divide by 3. Your answer 
is d= (10) 

“Start with 5... Multiply by8... 
Add 2... Divide by 7... Multiply 
by 3. Your answer is ? ” (18) 


132 


Solving Short Story Problems 


Tallest man on record: 
about 3 metres tall. 


Tallest giraffe: about two 
times as tall. How tall ? 6 metres 


ge 


Flea jump: 9 centimetres. 


Grasshopper jump: 


8 times as far. How! far 7 ? 


%) 5 times as long. About how long ?/om se 





Chines 2 metres long. 
Whale: 9 times as long. 


How long 7i@m 


1 octopus: 8 tentacles. 
7 octopuses: 


How many EOL 250. 


ii 


Small jungle tree: 


6 times as tall. How tall ? 
Iam 


132 


Discussion 
Have the children work through the 
word problems independently. You 
might suggest that children write 
equations for some problems. 
Regardless of the manner in which 
you cover the problems, give the 
children an opportunity to do some 
additional research about animals. 
You might even have them verify 
some of the facts in these stories. If 
so, you will want to caution the chil- 
dren that, of course, not every 
kangaroo can jump 14 metres, and 
not every diamondback rattlesnake 
is two metres long. The children must 
recognize that these are only sample, 
and often maximum, figures. These 


Rowboat: 3 metres long. 
Longest crocodile: almost 
4 times as long. About how long ? 2. 


Tall ostrich: 3 metres tall. 


av, Pike fish: 1 metre long. 


pa Baby whale: 8 times 
as long. How long ? e., 





How much do 9 ostrich eggs weigh ? 


Fi Ostrich egg weighs 2 kilograms. 
ISkg 


Diamondback rattlesnake: 
2 metres long. 


eases 
- S 
~~". 


Longest python snake: over SH 


Measured speed for a snake: 
9 kilometres per hour. 
Measured speed 

for an insect: 5 times 


ese vB as fast. How fast 745 km/h 
A fairly good 
frog jump: 2 metres. 
Long kangaroo jump: 
7 times as far. How far ?)4m 





4 9 Slow bird: 9 kilometres per hour. 
Fastest duck: 8 times as fast. 
How fast ? 72 ken/n 


More practice, page A-12, Set 20 


are the sort of “soft facts” that may 
vary from one reference source to 
another. 

We emphasize again the impor- 
tance of allowing the children to 
digress from these exercises to topics 
other than arithmetic facts and cor- 
rect answers. Such discussions stimu- 
late children in their study of arith- 
metic and its applications to the 
physical world. 


Assignments (page 132). 
Minimum: Odd-numbered problems. 
Average: 1-12. Maximum: 1-12. 

















1. Find the sums and differences. 


Follow-up 
Encourage the children to make up 
short word problems of their own 
from any research about animals 
which they may do. 

You might also prepare a work- 
Sheet of “practagons” to provide 


A 32 B 87 c 54 53 
nel sy —24 +29 a _26 > he ; ae further practice in the basic opera- 
89 63 83 27 67 156 tions. 


2. Find the sums. 











x i 5 : ¢ Pe Find the differences. Subtract 
the centre number from each of 
+8 +3 +53 the other numbers. 

2) 19 119 
ge ° O47 woo 7Ste 1.- 763 
+652 +867 +898 
999 1845 1o61 
Tye ts {5 kK Ate. .1) ‘916 
294 690 807 
+651 +789 +398 
(33) 1897 212) 


3. Find the differences. 
aA 592 B 823 c 937 














—347 —458 —386 
245 365 55\ 
p 5832 e 506 -F_ 8007 
-— 2567 —219 — 4234 
3265 287 STTS 


4. Find the sums and differences. 
5+34+7+6= n2Zi 
385 — 234 = nis) 

53 + 47 = n 100 

32 + 33+ 34 = n99 


> 


50 9 8 








403 — 395 = n& 
613 + 56+ 9= no78 
485 + 386 + 67 = n238 
807 — 467 = n340 





Resources for Active Learning 
Developmental Math Cards, F*12, 
F119, Addison-Wesley. [A game] 


Discovery, Section II, Units 5/21; 
17/3, Encyclopaedia Britannica 
Educational Corp. [Reinforcement 
exercises] 
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Using the Exercises 

Page 133 may also be assigned as 
independent work. However, allow 
ample time for a discussion of the 
exercises when the children have 
completed the page. Give particu- 
lar attention to parts D, E, and F of 
exercise 3. Some children may need 
a careful review of how to solve such 
problems. 

Give the children a chance to try 
the Think problem before you discuss . 
the solution. Urge those who solve 
it to share their thinking with the 
rest of the class. Most children will 
benefit from a discussion of the 
various approaches to the solution. 
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PAGES 134-135 
Objective 

Given a division equation, the child 
will be able to find the quotient by 
thinking of missing factors. 


e@ Let's explore products, factors, and quotients. 





Investigating the Ideas 


Cut out 10 slips of paper. 
Put one of these numerals 
or signs on each one. 


Preparation 

Materials 

crayons; slips of paper, 5 by 10 
centimetres (or supply the chil- 
dren with paper to cut to this size) 
It would be appropriate to begin 

immediately with the investigation 

for this lesson. However, if you 

choose, use a short oral drill to 

review basic multiplication facts. 








Investigation 

Read the directions with the children. 
If possible, have the slips of paper 
cut out in advance. Have the children 
use crayons to mark the slips with 
fairly large symbols. Although the 
equations 3 X 8 = 24 and 8X3= 
24 use the same factors, accept them 
as different equations. Remind the 
children to record the equations they 
find. You might have children write 
equations on the chalkboard, group- 
ing together those which use the 
same numerals. 


How many different equations 
can you “write” with your 


slips of paper ? 
See Investigation. 


Record each equation 
on a sheet of paper. 








Discussing the Ideas 
1. Which of the numbers in the Investigation could 
you use as factors ? 3.4, 2,8 


2. Which numbers were sometimes used as quotients ? 3,4,6,6 


3. Which numbers were used as products ? 








3x8 = 124 4X%6= 24 Metal iS 
8 Xedne24 6xX4= 24 apa : 
ager ebm a» 4. Tim saw Fred's arithmetic paper. 
24+8=3 24+4=6 eS 
4X8 = 32 6X8 = 48 It looked like this ————> : 
- ai Tim asked, “What do the 
Sexi =132 8 X 6 = 48 a 
red letters mean ? | 
32+4=8 48+6=8 eee : 
er Ag oeie Can you answer Tim’s question ? 
32 +8=4 48 +8 = we can think of division in terms of factors and 


134 a product just as we think of multiplication. 
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Discussion 

As you guide the children in a dis- 
cussion of questions 1 through 4, use 
the equations written on the chalk- 
board. Print F over each factor and 
P over each product. Stress for the 
children the idea that in multiplica- 
tion they find the product of the 
factors. 


Fos Bextp 
9X8=n 
And in division they find one of the 
factors of the product. 
bg Fh Py Beak 
72+8=n 72.+9=n 
This labelling of a division equation 
in terms of factors and products is 


used in order to encourage children 
to think about multiplication when 
they are finding quotients. The 
product-factor language is most help- 
ful in this respect. 


— — 


1. Find the missing factors. 








2. Solve the equations. 


a 18+3=n6 


In the following exercises, when you find the missing factor in 
equation a, you will have found the quotient in equation s. 


B35+—-5=n7 


Write equation s with the correct quotient. 


3.anx3=217 
p 21+3=n7 
4aanx8=324 
Bp 32+8=n4 
5B.anx3=248 


eB 24>3=n6 


Pe ae 2, =. 14.7 


pB14>2=n7 


72oanx5=255 


e 250 s 


8. anx7=284 


p 28+7=n4 


9-anx4= 369 


e 36>4=n° 


10.anx5=408 
sp 40+5=n8 


11. a nx = 494 
p 49=7=n7 
12. acne = 18 2 
s 18 =9=h 2 


13. an x3=279 
p 27+3=n9 


14350 0X 4416.4 
8 16+4=n4 


More practice, page A-12, Set 27 





Using the Exercises 

Use exercise 1 on page 135 as a basis 
for discussion, to remind children 
how to find quotients by thinking of 
missing factors. Assign the remain- 
ing exercises as independent work. 
When the children have finished and 
you are helping them correct their 
work, point out why one number is 
the answer for each pair of equations 
in exercises 3 through 20. 


Using the ideas 





ec 12-—-4=n3 


15. a nx 6 = 305 


e 30+6=n5 


16.anx5=459 
pe 45+5=n? 


17. A nx6=427 


e 42+6=n7 


18. 0anx8=486 
s 48-8=nc 


19.anx6=549 
p 5426=n° 
20.a nx 7=355 
8 35+ 7=n5 
135 


Assignments (page 135) 
Minimum: Odd-numbered problems. 
Average: 1-20. Maximum: 1-20. 





Mathematics 

The most important interpretation of 
division in Investigating School Math- 
ematics is that which is based on its 
relation to multiplication (the basic 
working definition of division is in 
terms of multiplication). We give 
below a formal definition of division 
in terms of multiplication. 

If a, b, and c are whole numbers 

and b#0 and aXb=c, then 

a=c+b. 

Observe that c+ 6 is the factor 
a in the multiplication equation 
aXb=c. That is, (c+ b)Xb=c. 
This simply means that c + 6 is the 
number that multiplies by b to give c. 
Therefore, when a child is looking 
for the quotient c + 6, he hunts for 
a number that will multiply by 5 to 
give c. For example, in the equation 
24 + 4, children are encouraged to 
think, “What number times 4 equals 
24?” When they discover that 
6X 4= 24, they have found the 
quotient of 24 and 4. 

Of course, since multiplication is 
commutative, this statement defines 
division in terms of either factor in 
a multiplication equation; hence, if 
multiplication is related to set con- 
cepts, we can think of division as 
finding either the number of sets or 
the number in each set. 

Follow-up /‘‘ Challenge’’ 

“Challenge” is an oral game designed 
to check children’s understanding of 
the inverse relation between division 
and multiplication. Begin by telling 
the children that you are going to 
give some division equations orally 
and that they must listen carefully. 
After saying each equation, call on 
one member of the class to say 
“True” if the equation is true, or 
“Challenge” if he thinks it is incor- 
rect. If a child challenges a particular 
equation, he must justify the chal- 
lenge by giving a multiplication 
combination that is correct for the 
given product. 

Resources for Active Learning 
Franklin Series: Making and Using 

Graphs and Nomographs, p. 81, 

Lyons and Carnahan. (Available 

from McGraw-Hill Ryerson) 


Duplicator Masters, page 25 


Workbook, page 36 
Skill Masters, page 25 
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PAGES 136-137 
Objective 

Given multiplication and division 
problems involving 0 and 1, the child 
will be able to find the products and 
quotients and, in particular, will 
demonstrate his understanding of the 
fact that 0 is never used as a divisor. 


@ What are the O and 7 facts in division? 


Investigating the Ideas 


Solve:n x 0=0 


Check each paper to see 
who is correct. Do you 
see that there are many 
correct answers to the 


Preparation equation ? 


If you wish to practice multiplication 
or division facts in an oral drill, limit 
such an activity to four or five 
minutes. It would be equally suitable, 
however, to omit such a preparation 
and begin immediately with the text. 


Investigation 

This investigation requires no mate- 
rials other than the text. The chil- 
dren are to study the equations at the 
top of the page. The variety of 
solutions presented should help the 
children understand that n X 0 = 0 
has innumerable solutions—any 
number can be used as a replacement 
for n. The second equation, n X 0 = 
5, has no solution. 

Give the children several minutes 
to study this section on their own. 
During this time you might allow 
free sharing of ideas or you might 
have them give their opinions to the 









How many correct answers can 


you find for this equation ? None fares 





See Investigation. 


Discussing the Ideas 


1. Explain how the papers above show why we 


NEVER DIVIDE BY ZERO. 


See Discussion. - 


2. Choose any number. Divide it by 1. What number do you get ? 


Your original number 











whole class and work smoothly into 
the discussion section. 


136 
i 
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Discussion 

As you discuss exercise 1, it would 
be helpful to write the following 
equations on the chalkboard: 


nX0=0 nXQ=5 
From the investigation children 
should realize that any whole num- 
ber will be a solution to the equation 
n X 0 = O. Thus, if division by 0 were 
possible, the quotient of 0 divided 
by 0 would not be unique. On the 
other hand, since n X 0 = 5 has no 
solution, 5 divided by 0 does not 
give any number as a quotient. Help 
the children realize that 5 is just an 
example of what happens no matter 
what number we use. To emphasize 
this, give other examples, such as: 


3. Choose any number (except 0). Divide it by itself. 
What number do you get ? | 


4. Divide O by any number (except 0). What number do you get ? © 


nxX0=12 nX0=3 
These examples should help the 
children see why we NEVER DI- 
VIDE BY ZERO. You might write 
this rule in large letters on the chalk- 
board so that those students who do 
not understand the reasoning will at 
least be impressed by the rule. 
Present several examples for exer- 
cises 2 and 3, such as 
8+1=8and8+ 8=l, 
to help children discover the special 
property of 1 in division. 
Exercise 4 is related to the equa- 
tion pair 
0OXn=0Oand0+n=0. 
Here we are not dividing by zero, we 
are dividing zero by another number. 


Mathematics 

The fact that we do not divide by 
zero can be explained in a variety of 
ways. The explanation presented in 
the student text is simple and clear. 
A similar explanation can be found 


Using the Ideas 





1. Find the quotients. 





A 8+2= n4 h 18=3= noe 0 Oe awn? by thinking about the traditional 
SL..9 -— te ne 1 36=4= ng P 20 4S method for checking division equa- 
c24— Meena Me 2- no Pee |p ay tions. For example, the check for 
Stee aoe nk ~ ii) oe a obisteacteapee I2+4=3 would Dew as ace, 
B  nglie phe 7 eis Now if we consider 6 = 0, we see 
b 5 n s 6+2= n3 that any number times zero gives 
Enso. 3 = n3 mM 2-2= ni! tT 8+1= n8 zero. In this case, when we try to 
ce 28=4= n7 n 32—4= n®8& uy 0-2 = pio divide a nonzero number by zero, no 
quotient can be found. In the case 
of dividing 0 by 0, any number will 
; : work. Since we wish for quotients, 
2. Find the quotients. when they exist, to be unique we do 
A (25> 5='n5 H 42—7= ne o 56—7= n8 not divide by zero. 
B 24—6= n4 1 30—-6= n5 p 400—-5= n8 Notice that in the formal definition 
CHT 7 = We e355 pz Onde. ent of division, stated below, division by 
eGeateenn@oon48 26 50n8 a. 5=5=/n ie eth ee eee 
; a, b, and c are whole numbers 
—E 28—-7= n4 E21 +-7= n3 s 564=-6=n? and b= 0 and tas b=", then 
F O+=5= no mM 45—5= no tT 63=7=n9 pee he 
@¢@ 12=—-6= n2 M30 = 7 ans u 20+5= n4 Follow-up 


For a practice game, use division- 
game cards from a commercial 
arithmetic game, or make your own 
cards by ruling 30 two-centimetre 
squares on _ 10-by-12-centimetre 
pieces of tagboard. Give the children 
paper or cork discs to cover quotients 
and give the leader a check list so 
that he can verify the facts he has 
called. When a child has covered a 
row, column, or diagonal with the 
discs, he should call out “Combo.” 





3. Find the quotients. 
A 24=—83 Hn 81+99 
B 27+—9231 64~88 


c 54=—96y 63+97 
dp O0+8° xk 36+94 
E 45=+-95.1 72+ 89? 
F 48=— 86m 56 = 87 
ce 32+ 84nN 72+98 





More practice, page A-13, Set 22 137 





Fred | Total 










Using the Exercises 

On page 137, you may wish to have 
the children take turns answering the 
parts of exercise 1 orally. Either 
assign the rest of the exercises ac- 
cording to ability, or ask your class 
to write only quotients. If the chil- 
dren are very quick, you may wish 
to time their work and thus find out 
which facts, if any, they need to 


Guess 1 
Guess 2 













concentrate on. A Sample Combo Card 
In developing a strategy for solving for Quotients 

the Think problem, we suggest that 

the children make a trial guess as a Duplicator Masters, page 26 

first step. They might use a table Workbook, page 37 


such as the one shown at the right, Assignments (page 137)___—_ Seill Masters ake oe 
to help them in the organization of | Minimum: 1-3. Average: 1-3. 
their guesses. Maximum: 1-3. 


431/ 


PAGES 138-139 
Objective 
Given a set with a specified number 
of objects, the child will be able to 
divide the set into a given number of 
equivalent subsets and write the cor- 
responding division equation. 
Preparation 
Materials 
counters (24 per child); small boxes, 
cups, or containers in which to put 
the counters 
Although it would be suitable to 
begin immediately with the investi- 
gation, you might prefer to have the 
children warm up with an oral drill 
of multiplication and division facts. 


Investigation 

In this investigation, children explore 
the basic concept of the division 
process—separating a set into a 
number of equivalent subsets—and 
then interpret the physical manip- 
ulation by means of a written division 
equation. You might choose to have 
the children work in groups of two 
or three. To be sure that they under- 
stand what they are to explore, stress 
the term “equally.” The point 
brought out by these questions is that 
24 counters can be divided equally 
into 4 sets but cannot be divided 
equally into 5 sets. Some children 
may need more specific questions in 
order to continue with the investiga- 
tion, such as: “Can you divide the 
24 counters equally into 7 sets? 8 
sets?” and so on. Remind the chil- 
dren that they are to write a division 
equation to show each way they can 
divide 24 counters equally into sets. 
Help them understand that for ques- 
tions such as “Can you divide them 
equally into 5 sets?” they should 
write no division equation because 
there will be a remainder after the 
counters have been divided into the 
stipulated number of equivalent sets. 
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equally into 4 sets. 


3ee 
© 





@9® 
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Discussion 
Before going on to the discussion 
exercises in the text, have children 
write equations on the chalkboard to 
show the ways they found to divide 
the 24 counters equally. Help the 
children realize how the equation 
describes division as the process of 
separating a total number of items 
equally into a given number of sets 
and also describes the number of 
items in each of these sets. For ex- 
ample, 24+ 4=6 corresponds to 
the first investigation question. 
Discussion exercise 2 develops this 
set interpretation of division. Exer- 
cise 1 develops the interpretation of 
using division to find how many sets 


Try to divide 24 counters 


Can you divide them 
equally into 5 sets ? No 


In how many ways can you divide 


24 counters equally into sets ? 
See Investigation. 


18 strawberries 
2. You can use division to find how many in each set. 
Solve the equation to find out. 





18 ice cubes 


® Let’s explore division and sets again. 


Investigating the Ideas 


24724=| 24760=4 24+8=3 24+12=2 
24+1=24 24-426 2423=8 24-2=12 


Record each result 


by writing a 





Discussing the Ideas 


1. You can use division to find how many sets. 
Solve the equation to find out. 






How many bowls of 


you serve ? 


How many can you put 
in each glass if you 
divide them equally 
among 6 glasses ? 


when the total number of items and 
the number of items in each set are 
given. 

It would be helpful to provide 
some set demonstrations similar to 
those suggested by the illustrations 
on page 139. For example, show two 
or three bags beside a screen which 
obscures the total number of bags 
from the children’s view. Tell the 
children how many items in all and 
how many items in each bag, for 
example, 20 marbles, 4 in each bag. 
Then have them tell you how many 
bags, and write 20+ 4=5 on the 
chalkboard. Also, show three bags in 
full view, explaining that there are 
24 marbles equally separated into the 








division equation. 


6 strawberries can @ 18 ~6= n 3 





=>18—-6= n5 








. The bags in each exercise have the same number of marbles. 












54 


checkers 


. A How many darts must Don throw into 
the red centre to get a score of 36 ?4 

s How many darts must Bob throw into 
the red centre to get a score of 63 ?7 

c How many darts must Glen throw into 
the white ring to get a score of 48 78 





three bags, and ask the children how 
many marbles must be in each bag. 


How many marbles 
in each bag? 9 


9 marbles in 
each bag. 


How many marbles 
in each bag? 


8 marbles in 
each bag. 





Using the Ideas 








27 
marbles 
54 
marbles 
56 
marbles 
TP 
marbles 
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Using the Exercises 

If page 139 has been preceded by set 
demonstrations, assign these exer- 
cises as independent work. When the 
children have finished, check the 
papers and allow time for a discus- 
sion in which they tell for each exer- 
cise whether they have found the 
number of sets or the number in 
each set. 

Use exercise 3 as a basis for dis- 
cussion. Help the children realize 
that they must refer to the picture 
of the dart board for the informa- 
tion needed to solve these problems. 
Assignments (page 139) 

Minimum: 1-3, oral. Average: 1-3. 
Maximum: 1-3. 





Mathematics 

As we have stated before, our basic 
working definition of division is in 
terms of multiplication. We have 
already looked at one of the set 
interpretations for division. In this 
lesson we propose to show that there 
are two distinct set interpretations 
for division. 

Because multiplication is commu- 
tative, we can consider division as 
finding either missing factor in a 
multiplication equation. For exam- 
ple, if we choose to associate 4 X 5 
with four sets of five each, then we 
should consider the equation 20 + 5 
=n as finding the number of sets 
and the equation 20 + 4 = nas find- 
ing the number in each set. 

Set interpretations provide mean- 
ingful physical activities for explain- 
ing certain concepts of division, and 
they trigger the division operation in 
certain word problems. In other 
words, if children read a word prob- 
lem which requires finding the num- 
ber of equivalent sets of a given size 
or the number of objects in each of 
so many equivalent sets, they should 
think about division. However, once 
the division idea has been triggered, 
encourage the children to find the 
quotient by thinking about the miss- 
ing factor. 

Follow-up 

To help children reinforce their 
understanding of division, suggest 
that they use another divisible num- 
ber of counters and find how many 
ways they can divide them equally 
into sets. You might write on the 
chalkboard problems such as the 
following. 


Try to divide 21 counters equally 
into 7 sets; 3 sets. 

Try to divide 16 counters equally 
into 4 sets; 8 sets. 

Try to divide 12 counters equally 
into 3 sets; 6 sets. 


Resources for Active Learning 
Developmental Math Cards, G'3, 
G'16, H'1, Addison-Wesley. 


139 


PAGES 140-141 
Objective 

Given picture problems and short 
story problems which require multipli- 
cation or division (with the basic 
facts), the child will be able to solve 
the problems by finding the product 
or quotient. 


Preparation 

To prepare the children for these 
problems, develop oral examples 
similar to the If-Then problems on 
page 140. For example, use questions 
like the following. 


If 7 cars hold 35 persons (in equal 
groups), then each car holds how many 
persons? 

If 4 boxes hold 24 candy bars, then 
each box holds how many candy bars? 

If 8 children drink 16 bottles of pop, 
then each child could drink how many 
bottles of pop? 


Before you begin these examples, 
explain to the children that you are 
considering all the groups you talk 
about in a particular example as 
groups of equal amount or number. 
Give children several examples be- 
fore you direct them to the text. You 
might suggest that some of the more 
able children volunteer some exam- 
ples, but be sure that they use 
numbers from a basic fact. 
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Solving Short Picture Problems 





Discussion 
Work through three or four of the 
If-Then problems to help children 
read them properly. For example, 
exercise 2 should be read, “If 6 
children eat 18 lollipops, then each 
child eats how many lollipops?” and 
exercise 4, “If 8 cans hold 24 tennis 
balls, then 1 can holds how. many 
tennis balls?”” You might choose to 
use all of these If-Then picture prob- 
lems as oral exercises and assign the 
word problems on page 141 as 
written work. © 

Before the children begin page 141, 
remind them that for each problem 
they must decide which operation, 
multiplication or division, is appli- 


cable. Exercise 10 is an exception in 
that it requires subtraction first, then 
division. 

Encourage several children to try 
the Think problem. Some may use 
the trial-and-error method. Others 
may start at 12 and work backwards, 
using the inverse of each operation. 
Thus, when the step reads “Multiply 
by 4,” they will divide by 4; when it 
reads “Subtract 4,” they will add 4; 
and so on. Note that the problems 
are based on the multiplication facts 
and involve no remainders. 


Assignments (page 140) 
Minimum: 1-6. Average: 1-6. 
Maximum: 1-8. 


Follow-up 


Solving Short Stories Encourage children to make up their 


<E=E===Ip Own picture or short story problems. 
=== B <= ID However, to make sure their prob- 
32 buttons. 8 on each <b lems will be appropriate to the se- 
shirt. How many shirts ? 4 6 boxes of pencils. quential development in the text, it 
48 pencils in all. would be helpful to write on the 
How many in each box? chalkboard pairs of numbers and 
5 tires per car. 8 cars. instruct the children to develop their 
3 How many tires ? 40 problems around these pairs, such 
[i 6 weeks. 7 days per week. as the following: 
36 players divided How many days ? 42 (99) 24,3 6,7 ald 
equally into 6 teams. 3 Sea aT 
How many per team ? © Apples: 9 cents each. You have seal Rae: aa 
5 45 cents. How many can you buy?5 Duplicator Masters, page 27 







Bicycling: 9 kilometres each hour. 
45 km to go. How long will it take ? 5 
wy 


&) 40 cookies. 8 hungry children. 
(3) , Divide the cookies equally. 
How many for each child ? 5 


9 jet airplanes. 4 jet engines per OM@ (35) 
plane. How many jet engines ? 36 @ @ (ea) (rea) 


1 0) Had 50 cents. Lost a dime and spent 











the rest on nickel candy bars. 
Bought how many candy bars ?& 








More practice, page A-13, Set 23 141 


Assignments (page 141) 
Minimum: Odd-numbered problems. 
Average: 1-10. Maximum: 1-10. 


141 


PAGES 142-143 


Objectives 
Given division exercises based on 
the multiplication facts, the child will 


Can you give the products and quotients? 


The figure will help you aG. 

pt we a i review a different way to —M——> 30+5=6 5)30 

iven word problems which require se diviai ede 
division, the child will be able to solve ee ONS aa ae 
the problems by dividing to find the ; f 
waorieny 1. Find the quotients. 
Preparation A 4)16 4 F 7)56 8 K 5)40 8 P 5)357 U 5) 204 
To prepare for this lesson, use a brisk p 8)324 « 9)63 7 1 1/9 9 a 4)369 v 8)648 
oral drill to review multiplication and ed mot oe Wied - 
division facts. For example, adapt c 8)8 |! H 6)54 9 m 6)24 4 rR 3)279 w 1)8 6 
the “What’s My Rule” game de- 6)42 7 72 9 6)6 | 7749 7 2)126 
scribed on pages 64 and 65 to review 3 4 ; We 5 iB a ie e A 
these facts. You might use charts E 7)0 oO Js 8)48 © o 7)426 tT 9)182 y 9)364 


such as the following: 
2. Find the equation that has no solution. Find the equationsE has no solution. 


“ Z : : that have many solutions. Solve the other equations.H and k have many solutions. 
64/2? 54 |? a9x0=no 00x0=no e4 36+n=49 5 0+5= no 
33H? a5 i BO+8=no0 £ 0x nm = 1833, 4 nm x0= 0%" Kk 0x m = Osanu 


(Divide by 8.) 


4 | 24 
6 | 36 
ae has 
4) 9 


(Multiply by 6.) 


Put in one or two answers and have 
volunteers guess your rule. You 
might do this orally by saying, “I’m 
thinking of the number 56. My 
answer is 7. What’s my rule?” In- 
struct those who guess your rule to 
fold their arms. Then call on them 
to give the answer for the next 
number you mention (to which your 
rule should still be applicable). 
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cn ~—~8=432F 9+—9= ni I 


% 3. Find the quotients. 
Use whatever method 
you want. 
aA 52-4= ni3 
pB 45-—-3= n15 
c 46=2= n23. 
pd 102 -6= nV7 
—E112+8= ni4 
F 102 +3= n34 
«¢ 112 +4= nze 
nH 56+2= nze 

1 144+8= nis 
142 
Discussion 


Before assigning the exercises on 
page 142 as independent work, point 
out the more traditional way of writ- 
ing division problems. Remind the 
class that the quotient is placed 
above the line. Note that exercise 3 
is intended for the children who are 
competent in solving equations. It is 
not intended that the shortcut algo- 
rithm be taught here. The purpose of 
this exercise is to give the child an 
opportunity to invent his own way 
of finding the quotient. For example, 
he may use repeated addition or re- 
peated subtraction. Note the relation- 
ship between 3D and 3F and between 
3E and 3G. 


Oxo = ne 





Any children who wish to should 
be allowed to try the Think problem. 
The correct answer should be clear 
to all when it is given. 

You might choose to use page 143 
as a basis for discussion after the 
children have solved the problems. 
It may be helpful to have the children 
explain their answers to one another. 
You can do this effectively by having 
one child put the correct equation 
on the chalkboard and having an- 
other child explain how to arrive at 
this equation for the given exercise. 

The children can benefit from dis- 
cussing parts C and D of exercise 6, 
whether or not they are able to work 
them. 


L 28=7= n4 


Solving Story Problems 


AT THE GROCERY STORE 


1. Jeff works at the supermarket 
after school. He put 32 cans of 
peaches on the shelf in 8 rows. 
How many cans were in each row ?4 





2. Juice comes to the store packed in boxes. 
There are 6 cans in each box. How many 
boxes should be ordered to get 54 cans? 2 


3. Jeff put 72 apples into 8 plastic bags. 
He put the same number in each bag. 
How many apples did he put in each bag ? 9 





4. Jeff made these sale signs. 
a How much does 1 can of 
tomato soup cost? 8¢ 
B How much does 1 kilogram 7) 56 
of sugar cost ? 20¢ 


Balipatinel Salle [ihe 





5. Ted, Jeff's friend, came to the store. He had 45 cents. 
How many 5-cent candy bars could he buy? 2 





6. a How much does one brand A 
frankfurter cost? 8¢ 


B How much does one brand B 
frankfurter cost? 2 ¢ 
+ c¢ Which would cost more: - 
3 packages of brand A or 4 packages of brand B ? 4 pkg brand & 
3% p How many packages of brand A must you buy to serve 
one hot dog each to 56 people ¢ How much will it cost ?$4.48 





143 
Assignments (page 142)___._ Assignments (page 143) 
Minimum: 1-2. Average: 1-2. Minimum: 1-6B, oral. 
Maximum: 1-3. Average: 1-6B. Maximum: 1-6. 


Follow-up 
Children might enjoy further work 
with the type of exercises on page 
143. Perhaps you can encourage them 
to do some research at the grocery 
store so that they can make up their 
own problems. Some difficulty may 
arise because many prices will in- 
volve fractions or decimals, but the 
children can estimate the cost per 
item to the nearest whole number. 
Resources for Active Learning 
Mathex: Operations and Problem 
Solving No. 8, “Sale,” pupil page 
43, Encyclopaedia Britannica Pub- 
lications Ltd. 
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PAGES 144-145 


Objective 

Given a function machine which in- 
volves two rules of operation, the child 
will be able to apply the rules step by 
step and find the output. 


Preparation 

To prepare for this lesson, you might 
use some mental chain games or the 
“‘What’s My Rule” game. Some of 
the following mental chain games 
would be suitable. 

“Start with 45... Divide by5... 
Multiply by 6... Add 2... Divide 
by 8. What’s your answer?” (7) 

“Start with 4... Multiply by7... 
Subtract 1 . . . Divide by 3. What’s 
your answer?” (9) 

“Start with 18... Divide by6... 
Multiply by 7... Subtract 1... 
Divide by 4... Multiply by 8. 
What’s your answer?” (40) 

“Start with 72... Divide by8... 
Multiply by 4... Divide by6... 
Multiply by 4 .. . Divide by 8. 
What’s your answer?” (3) 
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The Function Machine 


Multiply by 4 





Function machine A is connected to function machine B. The output 


number from machine A becomes the input number for machine B. 
We put in 3. Machine A operates. Machine B operates. We get 14. 


Think about connected function machines and give the 
numbers and words you think should go in the gray spaces. 


poe ie 
: BAU 
Divide by 7 - 
Input A Output B 


Discussion 

Study with the children the two 
function machines at the top of the 
page. Notice with them that they are 
to think of two function machines 
and, thus, two function rules. Ob- 
serve that in the first function 
machine there is an input A and an 
output A; the number 3 is put into 
the machine; the rule is “Multiply 
by 4”; so the output is 12. Explain 
to the children that output A of the 
first machine is input B of the second 
machine. That is, machine A takes 
the number 12 and puts it into 
machine B. Now machine B uses the 
rule “Add 2” and gives the final 
answer, 12+ 2 or 14. 


i Multiply by 8 3 s Add 37 
eke] Act s7 LED Subtract 37) 
“a CD Add 47 FB Subtract 37 


Input A Output B Input A 


m8 
__ thes 
hs 





Output B 





M I, input A 


mir 


R or ayeuiese 

Sfay awe BE) «DT 

LB AM Bd 
ide 


Div by 2 
Input A Output B Input A 


Use other numbers as the input 
for machine A until children see 
how the two machines work to- 
gether. You might have the children 
pretend that they are the function 
machines and have others pass them 
input cards. For example, the first 
input card is passed to function 
machine A, he gives the answer, and 
the second input card with that an- 
swer is passed to function machine B. 

The material on page 145 presents 
still another variation of the function 
machine. Notice with the children 
that this time they are to put a pair 
of numbers into the machine and 
that this function machine performs 
an operation on the pair of numbers. 


Output B 











OO 


Cs 
ao Os 





In the following exercises, you put a pair of numbers into 
a function machine and get a single number. Give what you 
think should go in the gray spaces. 


Function Rule Function Rule 


Function Rule 


7. Multiply 8. 9. Choose the greater 


0 oOo BD > 


10. 










To prepare the children for the exer- 
cises, you might give them other pairs 
of numbers to put into this function 
machine and then have them decide 
what comes out. You might say, 
“Suppose we put in the numbers 5 
and 6.” The children should observe 
that the output would be 11. 

Have the children work the exer- 
cises on both pages. When they have 
finished, allow time for a discussion. 
Most would benefit from a discussion 
of the starred exercises even if not 
all can give the correct answers. 


Assignments (page 144) 
Minimum: 1-3. Average: 1-4. 
Maximum: 1-6. 













Input Output Input Output Input Output 

an] wa) [es 
Two | mee) «fen 
c | (0,3) B (384, 834) 634 [ill 
2S} 45 | | (48, lhe © (1005, 9991005 fl 

* 
Function Rule 11. Function Rule 12. Function Rule 
Input Output Input Output Input Output 
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Assignments (page 145) 
Minimum: 7-9. Average: 7-11. 
Maximum: 7-12. 


Follow-up 
Children might enjoy making their 
own function machines. One similar 
to the two machines on page 144 
would allow for interesting varia- 
tions in rules. You might suggest 
that children experiment with the 
same operations, applying them first 
in one order and then in reverse 
order. For example, the pair 

ie A: multiply by 5 

Rule B: subtract 3 

yields an output different from that 
for the same operations in opposite 
order: 

1 A: subtract 3 

Rule B: multiply by 5. 

Resources for Active Learning 
Mathex: Operations and Problem 

Solving No. 8, ““What’s My Rule?” 

p. 17; “Function Machine,” p. 18, 

Encyclopaedia Britannica Publi- 

cations Ltd. 


Workbook, page 38 
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PAGES 146-147 
Objective 

Given word problems which require 
application of one of the four basic 
operations, the child will be able to 
solve the problem by choosing and 
performing the proper operation. 
Preparation 
To heighten children’s interest in the 
theme of these problems, spend a few 
minutes discussing facts about the 
moon and other bodies in our solar 
system. In particular, a discussion of 
gravity on Earth, the moon, and 
other planets would lead smoothly 
into the exercises on these pages. For 
example, you might point out that 
the reason objects weigh six times as 
much on the moon is that the Earth 
is six times as large as the moon, 


146 





\ at 
1. Rocket to the moon. 63 kilometres in 9 seconds. 
How many kilometres per second ? 7 


2. Closest distance to moon from Earth: 354 341 
kilometres. Farthest distance: 404 336 kilometres. 
How much change in distance ?49 995 ke 


3. Jupiter has 12 moons. Saturn: 10 moons. Uranus: 
5 moons. Neptune: 2 moons. Mars: 2 moons. 
Earth: 1 moon. How many moons in all ?32 


= " 


4. Rocket going into Earth orbit. Speed: 


8 kilometres per second. How far in 8 cea ? 


5. Diameter of moon: 3456 kilometres. 
Diameter of Earth: 1:2 672 kilometres. How 
much greater is Earth’s diameter ?92!6 km 


~*~ 





1 £ 
Ws AGB? 
Kilometres 


6. Weight. About 3 times as much on Earth as on Mars. 


Object weighs 27 kilograms on Earth. How much on Mars ? 9kg 


* 7. Weight. About 3 times as much on Earth as on Mercury. 


18 kilograms on Mercury. How many pounds on Earth ?54kg 
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Discussion 
Explain to the children that the exer- 
cises on these pages involve addition, 
subtraction, multiplication, and divi- 
sion. If children seem to have diffi- 
culty in approaching word problems, 
give them simple guidelines to follow. 
For example, write the following 
italicized steps on the chalkboard. 
(The comments in parentheses are 
suggestions for a discussion of these 
steps.) 
1. What do I know? (What informa- 
tion is given in the problem or in 
a chart or graph?) 
2. What must I find? (How many 
altogether, how much more, how 
many times as?) 


3. What do I do? (Which operation 
will answer the question?) 

4. Does my answer make sense? (Re- 
read the problem; does my answer 
really answer the question I was 
asked in the problem?) 

On page 147, note that exercise 6 
is challenging in that it requires 
work with fractions. However, many 
children will be able to do this since 
they will see that half of six is three; 
hence, the answer is 21. In discussing 
exercise 6, avoid getting into any 
complicated work concerning multi- 
plication of fractions. This should 
be done strictly on an intuitive basis. 

When the children have finished 
the exercises, allow time to check 











Kilometres 











4 















Some children at Franklin School made 
this table to compare their Earth 
weights with their moon weights. 


1. 


* 6. 


Weights on the Moon 


Complete the table by giving the weight 
that should go in each space. See table. 


Tom 
John 





Find the total moon weight of all the children. (9k, 


Find the total Earth weight of all the children.\'\4kg¢ 


. Bill's Earth weight is 24 kilograms. His dog has a moon weight of 


2 kilograms. What is the total Earth weight of Bill and his dog ?36 ky 


Karen's bicycle has a moon weight of 3 kilograms. 
Karen’s Earth weight is 24 kilograms. On Earth, 
how much more does Karen weigh then her bicycle ? 6kg 


lf Eric weighs 3% kilograms on the moon, 
what does he weigh on Earth ?2! kg 


papers and discuss anything perti- 
nent to this lesson. 


Assignments (page 146) 
Minimum: 1-7, oral. Average: 1-7. 
Maximum: 1-7. 
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Assignments (page 147) 


Minimum: 1-5, oral. Average: 1-5. 


Maximum: 1-6. 





Follow-up 

A lesson of this type is designed not 
only to provide experiences in work- 
ing with arithmetic and word prob- 
lems but also to stimulate the curi- 
osity of children. 

Encourage the children to do re- 
search on other interesting space 
facts in reference books. Ask them 
to make up some problems on their 
own, or give them a chart with some 
information about space on it, and 
ask each one to write four or five 
problems using the information. 


SAMPLE DATA SHEETS 


Stars in the Light Years 

Big Dipper Away 
Alpha 109 
Beta 76 
Gamma 79 
Delta 74 
Epsilon te. 
Zeta 76 
Eta 251 


Days for One 
Complete Orbit* 

88 Earth days 
225 Earth days 
365 Earth days 
687 Earth days 


Planet 
Mercury 
Venus 
Earth 
Mars 


*Trip around the sun 


Workbook, page 39 
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PAGES 148-149 
Objective 

Given two sets of objects, the child 
will be able to find the product set by 
pairing objects in the sets and to write 
a multiplication equation related to 
the product set. 


Preparation 
Materials 
crayons (4 colors per child); tracing 
paper 
You may begin immediately with 
the investigation, or if you prefer, 
use a brisk oral drill to review mul- 
tiplication and division facts. 


Investigation 

If possible, distribute paper which 
can be used for tracing and have the 
children trace the square, circle, and 
triangle as many times as they need 
to in order to color the figures 
according to the directions given. 
The exactness of the figure is not 
important to this lesson, however, so 
you might simply have children draw 
the figures freehand, without any loss 
to the concept development. 

The graph referred to in the text 
need not be made with graph paper; 
children may simply make this large 
grid on tablet paper. You might 
point out that the colored figures 
should be placed where the lines 
intersect, not within the large squares. 


148 





color per figure) as 


as you Can. 


this one ? 2° 


148 


Discussion 
Use a flannelboard and felt objects, 
an overhead projector, or colored 
chalk to demonstrate the colored 
figures on the grid. Make sure the 
children see that for each shape they 
should have four different colored 
figures. As you develop a discussion 
based on exercise 1, help the children 
interpret the multiplication equation 
4X3=n. Stress the relationship 
of the number of objects in each of 
the original sets to the factors in the 
equation, and relate the number of 
pairs they found to the product of 
the equation. 

If necessary, provide demonstra- 
tions of other examples before work- 


Cut out and color (one 


many different figures 


Can you paste all your 
figures in their proper 


places on a graph like 





@ How are pairing and multiplication related? 


Investigating the Ideas 


Use only these shapes ——> ei Ss . 


and 4 different colors. ——> 





Discussing the Ideas | 


1. a Did you pair each figure with each color ? Yes 
B Did you get 4 rows of 3 on your graph ? Yes 
c Solve:4 x 3=n12 


2. How many different colored figures would you get with 
aA 5crayons ?!5 


B 6crayons?!8 ec 10crayons?30 


ing through the exercises on page 
149, 


Using the Ideas 


. Pam is making a sandwich. She plans to use white or brown 
bread (not both). She will use one of the following: beef, 
cheese, or peanut butter. 








What kind of sandwich 
do you think Pam made ? 


A Which kind of bread would you choose ? 


B Which of the three would you put on your sandwich ? 


See Answers, T.E. page !49. 


c Name all the different sandwiches that might be made. 


pd Solve the equation. 


Childrens 
Choices 


ee ey 


soda, or cocoa. 





a Name all the different choices Bill might have made. 


B How many choices are there ? !2 
c Solve:3 x 4= niz 


Using the Exercises 


You might use exercise | as a basis 


> @ 


Bill 


2. Billcan have milk, Billcan have adoughnut, What do you think 


cookie, roll, or cake. Bill ate and drank ? 


See Anewers, 
T.E. page 149. 
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Answers, exercises 1D and 2A 
brown bread, 


1D 


for further discussion. For example, 
list on the chalkboard or overhead 
projector all the different sandwiches 
the children suggest and then relate 
this list to the diagram in part D. 
Assign exercise 2 as independent 


work. When the children have fin- 


2A 


ished, allow ample time for discus- 
sion. For those who finish quickly, 


suggest other sets to be paired. 


beef 


brown bread, 


cheese 


brown bread, 


peanut 

butter 
milk, 

doughnut 
milk, cookie 
milk, roll 
milk, cake 


soda, doughnut 


soda, cookie 


white bread, 
beef 
white bread, 
cheese 
white bread, 
peanut 
butter 
soda, roll 
soda, cake 
cocoa, 
doughnut 
cocoa, cookie 
cocoa, roll 
cocoa, cake 


Assignments (page 149)* 
Minimum: 1-2, oral. Average: 1-2. 
Maximum: 1-2. 


Mathematics 

The idea of a product set is illus- 
trated by considering two sets, A and 
B, as illustrated below. 


Now consider the set of all pairs of 
objects such that the first object in 
the pair is from set A and the second 
object in the pair is from set B. We 
call this set of ordered pairs the 
Cartesian product of A and B (writ- 
ten: A X B). The set A X B consists 
of six ordered pairs: 












Vee M 83 
(x,1) (x,2) 
(y,1) (x,3) 
(V2 oa CHS) 





We now relate these set concepts to 
the equation 2 X 3 = 6. 


Follow-up 

Suggest that children make a list of 
all possible pairings between each of 
the following groups, and then write 
an equation for each group. 


1. brown skirt blue blouse 


blue skirt white blouse 
orange blouse 
yellow blouse 
2. gold shirt green and gold tie 
blue shirt brown and green tie 
white shirt yellow and brown tie 


3. white car red upholstery 


blue car blue upholstery 
red car black upholstery 
black car white upholstery 


plaid upholstery 


Children might enjoy making up 
their own sets to pair. Encourage 
them to print such sets on cards and 
then exchange them with one another. 
Resources for Active Learning 
Mathex: Operations and Problem 
Solving No. 8, “Counting Pairs,” 
pp. 16-17, Encyclopaedia Britan- 
nica Publications Ltd. 
Nuffield Project: Problems—Green 
Set, No. 35, Wiley. 
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PAGES 150-151 
Objective 

Given groups of sets with elements 
to pair, the child will be able to form 
the product set and relate it to a 
multiplication equation. 


Preparation 

To prepare for this lesson, conduct 
a brisk review of multiplication facts. 
You might show some rectangular 
arrays and have the children give a 
multiplication equation for each. 
You might also use a game such as 
““What’s My Rule” to provide prac- 
tice with the basic facts. 


150 


Pairing and multiplication 


1. For his birthday, Jack gets to go to a movie, the zoo, or a ball game. 
He can go on any day of the week except Saturday or Sunday. 
° fe) 


2‘? 


Jack 


What do you think 
Jack will choose ? 





Ball game 
A Name all the choices (like the zoo on Tuesday) that Jack could 
make. How many choices are there ? !5 (See above.) 
B Solve:3 x 5= n '5 


2. Write a multiplication equation for each picture. The small dots 
help you count the red lines that pair the squares with the circles. 


Example: 
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Discussion 

Unless you think your class needs a 
discussion of the exercises on page 
150, assign this page as independent 
work. The black dots in exercise 2 
are included to help the children 


count the red matching lines, which 


in these exercises represent the prod- 
uct set. However, it is important to 
stress the number of squares and 
circles in each exercise and to relate 
these numbers to a multiplication 
equation. 

Before assigning page 151, study 
the chart at the top of the page with 
the children. Be sure that they under- 
stand from exercise 1A that A stands 
for Anne, B for Betsy, C for Carol, 





5x2=10 


D for Don, E for Earl, and F for 
Fred. Observe the red matching lines. 
Have the children interpret several 
of the matching lines in terms of 
possible king-queen pairs. 

Following this discussion, have 
the children do the exercises. Notice 
that exercise 6 is designed to be 
challenging. When the children have 
finished the exercises, give them an 
Opportunity to discuss the exercises 
and ask questions. 


Assignments (page 150)* 
Minimum: 1, oral. Average: 1. 
Maximum: 1-2. 





Solving Story Problems 





1. a Here are 2 of the possible queen-king pairs. 
A, D (This is a short way of writing Ann and Don.) 
C, E (What does this represent ?) Caro! and Ear! 
B How many different queen-king pairs are there ? 9 
c Write a multiplication equation that tells how many pairs. 3x3=9 


2. The children decided that Betsy should be a princess and 
not the queen. Now list the possible queen-king pairs. 


A,D; A,E; A,F3 C,D; C¢C,E3¢C,F 


3. Earl had been reading about knights. He wanted very much 
to be a knight, so the children agreed. How many queen-king 


pairs were left? 4.(4,0;A,F;C,D3¢,F) 


4. Fred moved away before the play was presented. Who was the king ?Don 


5. Ann was not chosen to be the queen. Who was the queen ?Carol 


* 6. If 8 girls want to be queen and 7 boys want to be king, 
how many queen-king pairs would be possible ? 56 


51 


Assignments (page 151)* 
Minimum: 1-5, oral. Average: 1-5. 
Maximum: 1-6. 


Follow-up 

Encourage children to make up 
pairing problems of their own. You 
might suggest to the more capable 
children that they chart the pairs 
they can form and display them as a 
rectangular array. For example, con- 
sider how many choices of dipped 
ice cream cones can be made with the 
following selections. 


vanilla ice cream chocolate syrup 
strawberry ice cream marshmallow 
chocolate ice cream syrup 


These may be charted as shown. 


[Jatcctate 


chocolate 





The chart yields a 3 X 2 array, and 
it is clear that 6 choices are possible. 
Suggest to the children that they not 
only make up their own groups for 
pairing but also chart an array for 
each product set they form. 


Workbook, page 40 
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PAGES 152-153 
Objective 

The child will demonstrate his 
ability to work with the concepts pre- 
sented in this chapter. 


Preparation 
If you use the chapter review as an 
evaluation instrument, you might 
use the preparation time to review 
the basic concepts covered in this 
chapter. You might have the slower 
children review basic multiplication 
and division facts while the other 
children use this time to make up 
word problems for particular equa- 
tions you display on the chalkboard. 
You might also let the children de- 
cide what they think they should 
review before working these pages. 
If you use the chapter review as a 
review lesson, plan an oral warm-up 
before working through the exercises 
in the text. 
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1. Find the products. 
A1x1i « 5 x 840 
B Ox Tetpigex 742 
c 0x00 m 8 x 648 
p 4x Oo wn 9 x 9g) 
E2x 7/140 7 x 856 
F 4x 93¢Pp 9 x 654 
a 3 x 824a 9 x 872 
H 8 x 324R 7 x 963 
1 9x 43¢s 9 x 1090 
J 4x 832T 10 x 10 
100 


2. Find the quotients. 





[IDENTITY 





A 24—124 £ 36+66 1 42+76 m63=—97 a72=—89 
BO+TJo F48+8eo s 49=77 ws 56=87 pr 81+99 
foes aS « 48=68 « 54-69 o 64+88 s 90+910 
p 27-39 wu 45=95 1. 63+79 p 72—9g Ff 100=10iI0 


3. Solve the equations to find the products. 


A 12x7=(6x7)+(6x7)=n g4 
B 13x5=(7x5)+(6x5)= nes 


4. Find the quotients.. 


a8) a! 
A 5)25 ~~ 6)54 


5. Give the missing numbers. 


ec 16x7=(8x7)+(8x7)= miz 
dp 18x8=(9x 8)+(9x8)= mi44 





a Since 54 x 398 = 21 492, we know that 398 x 54 = nz) 492 
Since 54 x 398 = 21 492, we know that 21 492 ~— 398 = n.s42 
Since 4672 + 4672 + 4672 = 14 016, we know that 3 x 4672 = n. 
Since 144 + 48 = 3, we know that 3 x 48 = 1.144 Oi 


o 0 8 
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Discussion 

The first two sets of exercises review 
children’s knowledge of the basic 
facts. Exercise 3 applies the multipli- 
cation-addition principle; remind the 
children to work the operation inside 
the parentheses first. Exercise 5 re-. 
views the order principle and basic 
multiplication and division concepts. 
The word problems review all four 
of the basic operations. 

Exercise 13 is starred since the 
children have not yet encountered 
divisions such as 56 + 4. However, 
in part A many will guess correctly 
that 56 + 8 is equal to (56 + 4) + 2. 
Some children may think that the 
expression (56 + 4) + 2 is equal to 


56 + 6, since four and two are six. 
If the children should ask how they 
can go about dividing 56 by four, 
point out that they can do this prob- 
lem by guessing and using multipli- 
cation. For example, one child might 
guess 10, and he would observe this 
is incorrect because 4 X 10 = 40. 
Another child might guess 12 and 
find that 4 X 12 = 48, which is in- 
correct. Through successive guesses, 
the children will probably arrive at 
the fact that 14 is the correct quotient 
for 56+ 4. Working exercise 13B 
should strengthen the understanding 
obtained from 13A. 





a a 


10. 


*% 12. 


* 13. 





How many weeks are there in 49 days? 7 


7. 32 Boy Scouts were divided into 4 patrols. 
There were the same number of 
scouts in each patrol. How many 
scouts were in each patrol ? 8 





How much does it cost to buy seven 8-cent 
stamps and one 7-cent stamp ? 63 ¢ 


Tom had 8 bags with 8 marbles in each bag. 
He had 29 extra marbles on the ground. 

How many marbles did he QD 
have in all? 92 © 





9. How many pennies can you get for 
7 nickels and 3 dimes ?6s 


11. Sally put 9 coins on each of 7 pages 
in her coin-collection book. 
She had 77 other coins in a box. 
How many coins did she have in all ?140 





Ted had 35 rocks. Jim had 63 rocks. 
Each boy decided to store his rocks 
in cans, with 7 rocks in each can. 


Who used more cans ? How many more ? 4. 
Jim 





a Does 56 ~ 8 = (56 ~ 4) + 2? B Does 42 + 6 = (42 + 3) + 2?yYes 
Yes 
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Follow-up 

If the children seem to have a good 
command of the basic multiplication 
facts but have difficulty finding quo- 
tients accurately, a worksheet re- 
emphasizing the inverse relation 
between multiplication and division 
may be helpful. You might duplicate 
one like this. 













Study the pattern; then complete the 
table. 


x8 ca | x9 [6x7] x7 
(48) |(36 


ae E ra ap pea ie 
Sa ee 


Resources for Active Gases 

Discovery, Section Il, Unit 17/4 
Encyclopaedia Britannica Educa- 
tional Corp. [Cross-number puz- 
zle exercises] 


Workbook, page 41 
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PAGES 154-155 


Objective 

The child will demonstrate his 
ability to work with the concepts 
indicated for cumulative review. 


Preparation 

To prepare for these pages, review 
any topics covered thus far in Book 
4 with which the children have had 
difficulty. For example, you might 
make up short addition and sub- 
traction word problems to give to 
the children orally. Or you might use 
the “What’s My Rule” game to 
review addition and subtraction. If 
you use 2-digit numbers in some 
examples, you would be able to re- 
view the addition and subtraction 
algorithms, although the children 
would need to use paper and pencil. 
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1. Copy and find the sums. 
A 538 + 24 + 365 + 4720 5647 
B 4768 + 232 + 549610 496 


2. Find the sums and differences. 











A 4635 B 1386 ¢ 8207 
+2819 — 539 — 3649 
7454 847 4558 


3. Write the numeral for each exercise. i 





c 6437 + 35 + 9327404 
p 375+ 893 + 5672 + 386978 








p 5003 —E 5739 
—2216 +8654 
14393 


2767 


A 


B 
c 
D 


nn" m 


five hundred thirty-seven 537 
nine hundred fifty 950 

seven hundred six 706 

four hundred nineteen 419 


one hundred sixty-six thousand | 
3 : 1@6 COO 
six thousand thirty-seven co27 


ninety-eight thousand seventy 
98 070 


4. Give the next five numbers in each sequence. 





A. 1 9 Oe 25: B gk o, Omics. o..1 2, 4) Siew 
36,49, 64,81,100 I, 13,15, 17,19 32,64, 128,250,512 
5. a Add the first 2 numbers in exercise 48. 
Which number in exercise 4a do you get ?4 
B Add the first 4 odd numbers in exercise 48. You should get 4 x 4. 
c Add the first 6 odd numbers. Do you get 6 x 6 ?ves ae ~ 
p Add the first 7 odd numbers. Do you get 7 x 7 ?yYes 
E What do you think is the sum of the first 8 odd numbers ?8x8, or 64 
F Find the sum of the first 9 odd numbers. 9x9, or 2) 
ce Find the sum of the first 10 odd numbers. io x10, or 100 
154 
Discussion chance to ponder the problem a bit 


Exercises 1, 2, and 3 are straight- 
forward review exercises. Children 
may need an explanation of the term 
sequence in exercise 4. 

You may find that the children 
need to review the meaning of odd. 
numbers in order to complete exer- 
cise 5. When discussing this exercise, 
guide the children to draw some con- 
clusions, such as the fact that the 
sum of the first » odd numbers is 
the same as the product n X n (e.g., 
the sum of the first nine odd num- 
bers is 81 and 9 X 9 = 81). 

Most of the children will under- 
stand the Think problem when you 
give the solution, but allow them a 


before giving them the answer. 

Allow ample time for a discussion 
of each problem in exercise 6. Part 
of the value of exercises of this type 
is the discussion which accompanies 
them. 

You may find that the children 
enjoy problems such as those in 
exercise 6, since they do not have 
to do any computing. Even though 
there is no computation required, 
exercises of this type are extremely 
valuable because they focus attention 
on one of the most important pur- 
poses of story problems—having 
children think through the ideas and 
determine the correct operation. 











6. 


7. 





No numbers are given in this exercise. Decide whether you would add, 
subtract, multiply, or divide if numbers were given. Answer A, S, M, or D. 
A Joe had ||| baseball cards. 

Bill had lll baseball cards. 

How many more baseball cards did Bill have than Joe 25 


B We drove lll kilometres on Friday and lll kilometres on 
Saturday. How far did we drive altogether ?4 
c In Jane’s classroom there were ||lll rows : 


with |llll children in each row. 
How many children ?™ 









p Ted had |ll hamsters. He gave ||| away. 
How many did he have left ?$ 





E Emily had lll stamps in her collection. She had 
\llll stamps on each page. How many pages of 
stamps did she have ?0 





F Sandy made |lll pieces of fudge. She put the same 
number of pieces in each of ||| boxes. How many 
pieces did she put in each box ?D 





Nancy’s tennis racket cost $9.99. 
Ken spent $18.45 for his racket.. 
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Naturally, once children decide what 
they are going to do for a given story 
problem, all that is left is straight 
computational drill. 


Resources for Active Learning 

[These resources provide review 

exercises for all operations.] 

Developmental Math Cards, F'6, 
F510, F521, G7, G*9, Addison- 
Wesley. 

Discovery, Section II, Units 5/5; 
6/4; 11/3; 18/4, Encyclopaedia 
Britannica Educational Corp. 


Workbook, page 42 
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CHAPTER 6 


Special Products and Quotients 


Pages 156-169 


General Objectives 
To develop skill in finding products 
that have factors of 10, 100, or 

1000 or their multiples 
To develop skill in finding quotients 

related to the products mentioned 

in the preceding objective 

To generalize the order and grouping 
principles into one ‘‘rearranging’’ 
principle 

To show how some of the principles 
are used to find products 

To summarize all the principles studied 
thus far 

To develop a sound foundation for 

Chapter 8 
This chapter systematically develops 
products that are multiples of 10, 
100, and 1000. The skills learned 
here are vital to Chapter 8, which 
deals with the multiplication algo- 
rithm. If the children are to work 
effectively with multiplication of 
large numbers, they must be skillful 
with products of this type. 

Although we devote much atten- 
tion to the development of particu- 
lar skills, we expect you to recognize 
and emphasize the value of the basic 
principles, which are used to show 
how to arrive at certain points. 

“Keeping in Touch” page 169 sum- 
marizes all the basic principles and 
may be considered an integral part 
of the chapter. You could even treat 
this as part of the chapter review. 
The basic principles of addition are 
not a part of the chapter review, but 
provide an opportunity to review the 
basic principles of multiplication. 
Mathematics 
The mathematical concepts encoun- 
tered in this chapter are summaries 
of all the basic principles for whole 
numbers studied so far. Below is a 
summary of these principles. 


For all whole numbers a, b, and c: 
l.atb=b+alaxb=bXa 
2. (a+ b)+c (SGD) X<ee 
=a+(b+c)| =ax(bXo) 
3.a+0=a ax l=a 


4,aX(b+o=(xXb)4+(@X0) 




















The first principle in each list is 
the commutative principle; the sec- 
ond is the associative principle; and 
the third is either the zero principle 
or the one principle. Number 4 is a 
statement of the distributive princi- 
ple for multiplication over addition. 


Teaching the Chapter 
Materials 
Overhead projector (if available) and 
transparencies 
Objects that can be grouped easily 
by tens or hundreds (optional) 
Vocabulary 
multiple 
Since one of the more important 
purposes of this chapter is to develop 
skill with particular types of multi- 
plication exercises, the use of mate- 
rials is limited. If you use materials 
at all, restrict their use to demon- 
strating multiples of 10 and 100 for 
slower children. 

Multiple is the only new word in 
the chapter. Use the word often in 
context so that it will be readily 
understood. 

Lesson Schedule 

Plan to cover this material in about 
a week and a half, or seven to eight 
school days. However, you will want 
to vary this schedule according to 
the abilities and motivations of your 
pupils. 

Evaluation of Progress 

Evaluating the material in this chap- 
ter should be fairly simple, since 
mastery of routine factual material 
and skills is easily tested. None of the 
concepts in the chapter is new. 

An important factor in evaluating 
the children’s achievement is to 
determine whether they understand 
how certain basic skills grow out of 
the basic principles. For example, 
exercise 4 on page 158 depends on 
the grouping (associative) principle. 
Observe carefully whether or not the 
children understand the use of the 
principles in developing generaliza- 
tions for finding particular products. 

We cannot emphasize too strongly 
how important it is for the children 


to become skillful in finding special 
products. The purpose of this chap- 
ter is to give the children a back- 
ground that will enable them to 
concentrate on the ideas behind the 
standard multiplication algorithm 
and the general procedures in Chap- 
ter 8, without worrying about special 
products. 

We encourage you to provide many 
Opportunities for oral practice on 
these simple products. 


Resources for Active Learning 
GENERAL ACTIVITIES 

[Since this chapter focusses on a spe- 
cial point of multiplication-division, 
the resources listed in Chapter 5 
would be helpful here as well. Choose 
the favorite games and activities that 
will reinforce basic facts and com- 
putational skills. ] 


GAMES 

Experiments in Mathematics, Stage 2, 
“Three-dimensional Noughts and 
Crosses,” p. 52, Houghton Mifflin 
(Available from Thomas Nelson 
& Sons) 

Franklin Series: Patterns and Puzzles, 
“Tit-tat-toe,” pp. 7-14, Lyons and 
Carnahan (Available from 
McGraw-Hill Ryerson) 

Math Activity Cards, ““The Game of 
Bridges,” B45; “Special Méill,” 
C45, Macmillan 

Notes on Mathematics in Primary 
Schools, “Squares,” p. 233; “Go,” 
p. 235; “Nim,” p. 236, Cambridge 
University Press (Available from 
Macmillan of Canada) 

Measure and Find Out, Book 1, Scott, 
Foresman. (Available from Gage 
Educational) 

[Use the Metric System measures 

shown in the Tables of Measures 

(page A-38) to help with these math- 

ematics-science activities. ] 


COMMERCIAL GAMES 

[Both of these are games of strategy.| 

Nine Men Morris (or Mill) (World 
Wide Games) 

3-D Tic-Tac-Toe (Creative Publica- 
tions; Math Media) 
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PAGES 156-157 
Objective 

Given two factors, one of which is 
10, 100, or 1000, the child will be able 
to find their product. 


Preparation 

For this investigation, children need 
no materials other than the text. If 
several children still find some basic 
multiplication facts troublesome, use 
a few minutes before each lesson to 
practice these facts in particular. 


Investigation 

Give the children guidance in study- 
ing the map and the investigation 
questions beneath it. Help them ob- 
serve the torn area of the map and 
how the missing portion relates to 
the investigation question. Suggest 
that they may use any method they 
can to answer the questions. For 
example, some may count by ones, 
then by tens, hundreds, and thou- 
sands. Others may count by ones and 
recall how to find 11 X 40 and 
11 X 100 without counting. For 
those children who finish very 
quickly, write on the chalkboard an 
exercise similar to the following: 


2X10=? 2X100=? 2X 1000=? 
3X10=? 3X100=? 3X1000=? 
4X10=? 4X100=? 4X 1000=? 


9xX10=? 9X100=? 9X1000=? 


Special Products and Quotients 


@ Let’s explore 10, 100, and 1000 as factors. 


Investigating the Ideas 





Can you find the distance from the tree to See Investigation 


the treasure if the missing number on the map is 
A 1?ilm B 10?21\0m c 100 200m D 1000? 
000m or m 





Discussing the Ideas 


Te 


. Study this rule. 


Solve the equations. 
aA14x1=n'4 
B 14x 10=n 1/40 


c 14 x 100 = n i400 
p 14 x 1000 = ni4,000 


. Continue the skip-counting for 20 more numbers. 


a 10, 20, 30, 40, 50,6°:79.80-..250 5 100, 200, 300, 400, 500, fe 
ce 1000, 2000, 3000, 4000, 5000 100, 0G 


7006, 8000, ... 25 000 


To write the product of a number and 
100 just write this number in the 


Can you give a 
similar rule for hundreds’ place. 

finding the product HUNDREDS HUNDREDS 
of anumber and 10?) 6 x 100 = 600 | 87 x 100 = 8700 


See Discussion. 





4. Can you think of a rule of your own for multiplying 
by 10, 100, or 1000 ? See Discussion. 
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Discussion three zeros) at the end of the 
As you discuss the questions in the numeral.” 
investigation, lead into the equations 
in discussion exercise 1. Some chil- 
dren may realize that the skip count- 
ing in exercise 2 is the method many 
may have used to answer the investi- 
gation questions. 
For exercise 3, you might expect 
the children to say, “To write the 
product of a number and 10, just 
write this number in the tens’ place.” 
As children try to word a rule of 
their own in exercise 4, help them 
avoid the expression “‘adding zero to 
the number.” You might suggest 
instead a phrase such as the follow- 
ing: “placing a zero (or two zeros or 
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* 5. 


Using the Ideas 


. How many cents ? 


A 1dimeio c 7 dimes 70 E 28dimes280 6 124 dimes > 


B 2dimes20 pb 12dimesizo Fr 75dimes7so H 526 dimes 
5260 


. How many cents ? 


A 1dollarico ¢ 7dollars700 & 28 dollarsz800e 124 dolliSa°° 


B 2dollars200 p 12 dollarsizoor 75 dollars7soon 526 dollars 
52 G00 


. Find the products. 


aA5x1050 _ «a 12 x 100i200m 5 x 100500 s 15 x 10000 

B 17 x 10170 wn 24 x 100z400n 17 x 1000i000t 30 x 100030 

c 12 x 10120 1 32 x 10320 o 12 x 1000iz000u 40 x 1004000 

p 18 x 10igo 4s 32 x 1003200P 18 x 1000is0cov 40 x 10400 

E 5 x 100500 k 48 x 10480 a 15x 10is0 ~w 40 x 1000 
ee 


F 17 x 10017001 48 x 1004800n 15 x 100i500 x 70 x 1003000 


. Each metre is 100 centimetres. How many centimetres in 


A 5metres? 8 14 metres? c 50metres? bv 100 metres ? 
500 1400 OS So 






Solve the equations. 
7x r= 74 

7? xX n= 7010 

7 x n= 700 loo 

7 x n= 70001000 

6 x n = 600100 

18 x 100 = n'iso0o0 
14 x n= 14 000000 
n x 100 = 9009 

n x 1000 = 15 000i5 
23 x n = 2300100 
79 x n= 79010 

79 x n= 7900100 

n x 1000 = 51 000 


sreacm- Fo 7AM. DB PY 
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Using the Exercises 


cents to stress the concept of prod- 
ucts with 10 and 100 as factors. Help 
the children realize that 7 dimes is 
equivalent to 7 X 10 or 70 cents. 
Similarly, 12 dollars. is the same as 
12 X 100 or 1200 cents. 

Work through exercise 4 with the 
children, helping them with the terms 
metre and centimetre. 

You may wish to assign exercise 5 
to the entire class, or you may prefer 
to treat it as enrichment. In either 
case, however, it would be helpful Assignments (page 157) 


to work through at least a few of the Minimum: 1-3. Average: 1-4. 


equations with all the children. Maximum: 1-5. 





Following completion of the exer- 
Exercises 1 and 2, page 157, use the _iSes, allow time for checking papers 
children’s familiarity with dollarsand and for any accompanying discussion. 


Follow-up 

An oral game such as ““What’s My 
Rule” or a team relay at the chalk- 
board frequently provides more 
effective practice in multiplying by 
10, 100, and 1000 than an abundance 
of written drill. 

To play “What’s My Rule,” call 
on children one at a time and ask 
for a number less than 1000. As each 
child responds, reply with a number 
according to your rule. For example, 
if your rule is “multiply by 100” and 
a child gives you the number 25, 
you should respond 2500. When the 
children guess your rule, they should 
fold their arms across their chests. 
As soon as you call on a child whose 
arms are folded, he should ask you 
for a number less than 1000 and 
respond to you by giving an answer 
that shows he has applied your rule. 
If he is correct, tell him so, but 
caution him not to tell anyone else 
your rule. 

Continue the game by asking for 
numbers both from those who do not 
yet know the rule and from those 
with folded arms. Change the rule 
and announce “New game” when 
most of the children know your rule, 
or discontinue if only a few under- 
stand after several minutes of play. 

A game like this, played for five 
minutes several times a week, can 
also provide a stimulating warm-up 
for the day’s lesson. 


Duplicator Masters, page 28 
Workbook, page 43 
Skill Masters, page 28 
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PAGES 158-159 
Objective 

Given two factors, one of which is 
a multiple of 10 and the other a single- 
digit number, the child will be able to 
find their product. 
Preparation 
To prepare for this lesson, give the 
children practice finding products 
which have 10, 100, or 1000 as a 
factor. 


158 


1A 


See Discussion. 


158 





Discussion 

As explained in the mathematics sec- 
tion for this lesson, exercises 1 and 2 
rely on the grouping principle and 
reduce products such as 3 X 40 to 
an exercise in using basic multiplica- 
tion facts and multiplication by 10. 
Direct the children to study the 
exercises Sara is working and her 
manner of thinking about them. You 
might expect the children’s response 
in exercise 1B to.be something like 
this: “‘To find this product (4 X 50), 
I think 4 times 5 tens.” 

After you discuss exercise 2 by 
working through the procedure step 
by step, work through the product 
4 X 50 similarly: 


Discussing the Ideas 


Explain how Sara 
is thinking about 
the product 3. x 40. 
B How would Sara 
think about the 
product 4 x 50? 


2. The diagram shows how Sara is using 
the grouping principle to complete 
the problem. Find the final product. i120 


® Let's explore products like 3 x 40. 


3. In each exercise, explain why the two 
products are the same. Find the products. 


Ae X-0950 
te ee ee (0) 
20 ie 
N 4 
200 


If necessary, use other examples 
from exercise 3 with a development 
similar to that in exercise 2. You 
might find it worthwhile to have each 
equation in exercise 4 read aloud. 









a3x50 8 4x60 c5x300 v4x600 e 6x 3000 
15x 10 24 x 10 15 x 100 24 x 100 18 x 1000 
150 240 1500 2400 18 000 

4. Solve the equations. 
a 3x20=3x2x10= neo Kk 6x40=6x4x10= n240 
B 5x30=5x3x10= niso t 5x60=5x6x10= n300 
c 8x40=8x4x10= 320 m 9x 80=9x8x10= n7z0 
vp 9x50=9x5x10= n4s50 n 8x90=8x9x10= n720 
—e 7x60=7x6x10=' n420 o 6x80=6x8x10= n480 
F 4x 70=4x7x10= nz6o p 9x60=9x6x10= n540 
ec 7x80=7x8x10= n5eo ao 3x400=3x4x100= nizoo 
nH 6x90=6x9x10= n540 r 8x600=8x6x100= n4goo 
1 5x70=5x7x10= n3s5o0 s 5x700=5x7x100= n3500 
J 9x70=9x7x10= meso t 9x8000=9x8x1000= n 


72000 — 


1. Find the products. 


A 
B 
c 


3x618 ce 4x 520 x 6x 424 Pp 7x 856 u 8 x 540 
3 x 6Oisee@ 4 x 502001 6 x 402409 7 x 80560v 8 x 50400 
H 5 x 735 m3 x 824 rR 9 x 327 
bp 5 x 301501 5 x 70350Nn 3 x 802405 9 x 30270x 9 x 70G30 
5 x 300 5x70 

300° ee FO 9 <300 vy 9 x 700 


5 x 315 


2. Find the products. 


A 


B 
c 
D 


4 x 30i20e 9 x 504501 4 x 40icom 4 x 2008000 7 x 6004200 
5 x 60300F 3 x 702105 6 x 60360N 6 x GOO3G00R 5 x 5002500 
7 x 104906 8 x 705¢0K 7 x 90300 8 x 8000s 3 x 9002100 
6 x 804g0n 6 x 905401 9 x 90siop 9 x 7OOka0cr 8 x 5004000 


3. Find the products. 


A 


B 
c 
D 


7 x 50350 «cE 7 x 60042001 


x 4. Solve the equations. 


a 6 x 90= ns4oNn 2” xX 900 = 63007 a 7200 = 8 x neoo 
n x 80 = 32040 9x n = 5400GoorR nr x 500 = 45000 
n x 70 = 3505 ep 600 x nm = 42007 s 9x n = 8100900 


Bea Gae™= £ @o' 7 mm oF 0 


m 7” x 800 = 32004 





mixsS =63070 
n .x<38.= 56070 
n x 5= 40080 
30 x nm = 1806 


n 
ox n= 42070 
n x 40 = 3609 
630 = nm x 709 
540 = 6 x n90 


More practice, page A-14, Set 24 


Using the Exercises 


9 x 7006300 m 7000 x 4 

3 x 9002700 F 9 x 8007200 y 400 x 52000 w 4000 °° 
6 x 3001800 « 8 x 2001c00 x 700 x 74900 0 5000 2°67" 
4 x 9003600Hn 2 x 900i800 t 600 x 95400 p 9000 oie 


Have the children work independ- 
ently on the exercises on page 159. 
Point out that some exercises are re- 
lated and that they should use the pat- 
tern to help them find the products. 
You may find it helpful to select some 
parts of exercises 2, 3, or 4, and pre- 
sent these on the chalkboard with 
accompanying explanations of how 
the grouping principle is used to 
arrive at the products. (See the 
mathematics section of this lesson.) 
Encourage those children who are 
capable to arrive at generalizations 
for finding such products, but do not 
burden others with learning specific 
rules for finding these products. 


Using the Ideas 


w 9 x 763 


@200 





28 000 
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Give all the children a chance to 
solve the Think problem. Since it is 
so closely related to the main point 
of the lesson, you will find that most 
children will benefit from discussion 
of the correct answer. 


Assignments (page 159) 
Minimum: 1-2. Average: 1-3. 
Maximum: 1-4. 


Mathematics 
In this lesson a simple illustration of 
the use of the associative (grouping) 
principle for multiplication shows 
how the children can arrive easily at 
products such as 3 X 40. The follow- 
ing are the steps involved in arriving 
at the correct product. 
3 X 40 = 3 X (4 X 10) 

= (3 X 4) X 10 

= 12X10 

= 120 
Note that in the first step 40 is 
written as 4 X 10 to get the expres- 
sion 3 X (4 X 10). Then, using the 
grouping principle, this can be re- 
grouped as (3 X 4) X 10. Since the 
children already know the product 
3 X 4, they need only to find 12 X 10. 
The previous lesson has developed 
skills for multiplying by 10, and so 
the children are able to find the 
product 12 X 10, which is the same 
as the product 3 x 40. 
Follow-up 
If you think some children would 
benefit from further practice of this 
type, prepare a worksheet similar to 
the sample shown. 





Study the patterns and then complete 
the equations. 










aX T= 5 4X6=_ 
IO = 4X 60 = _ 
5 X 700 = _ 4 X 600 = __ 
35 X 7000 = __ 4 X 6000 = __ 






5X 80=5X 8X _ 
4x9 =4X9XK _=_ 
6 X-700 =.6 X FX 
7X 400=7X4X _=_ 
















Duplicator Masters, page 29 
Workbook, page 44 
Skill Masters, page 29 
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PAGES 160-161 
Objective 

Given the product of two factors, 
one of which is a multiple of 10, 100, 
or 1000, the child will be able to find 
the other factor. 


Preparation 

To prepare for this lesson, plan an 
oral review of the special products. 
For example, ask for products in a 
series such as 5 X 6,5 X 60,5 X 600, 
and 5 X 6000. 


Investigation 

After you read with the children the 
material at the top of the page, direct 
them to work on the investigation 
independently. Be sure they notice 
that one of the factors in Susan’s 
equation ends in 0. As they are work- 
ing, remind them to think of all the 
factors of 24 that they can remember. 
The equations which they may write 
are the following: 


1 X 240 = 240 6X 40 = 240 
2X 120=240 8 X 30= 240 
3X 80= 240 12 X 20 = 240 
4X 60= 240 24 xX 10 = 240 


For those children who finish quick- 
ly, suggest a similar illustration on 
the chalkboard and ask them to 
write equations for it. 

il X iO = 360 


160 


@ Can you find missing factors? 


Investigating the Ideas 


Note that one factor 


in Susan’s equation 


ends in 0. 


Can you write all the equations Susan might be hiding ? 
See Investigation. 


Discussing the Ideas 


1. Suppose one of the factors 
ends in O. Give possible 
pairs of factors that 
might be hidden. 


1,120;2,60; 3,40; 4,30; 6,20; 10,12 


. Can you find an easy shortcut 
for finding these pairs of factors ? 


See Discussion. 





. Practice with special products will help you find missing 
factors. Give the products. 


a 8 x 1080 

B 13 x 10130 
c 60 x 9540 
p 10 x 10100 


. Find the products. 


20 x 9180 
5 x 30150 
4 x 70280 
10 x 35350 


Discussion 

Have children write on the chalk- 
board their equations from the 
investigation. Then lead into discus- 
sion exercises | and 2. Continue to 
stress the relationship of the basic 


facts to the special products and to 


finding missing factors. 

For exercise 2, you might expect 
the children to respond in a manner 
similar to the following: “Since 
6 X 3 is 18, 60 and 3, or 6 and 30, 
are pairs of factors for 180; also, 
since 2 X 9 is 18, 20 and 9, or 2 and 
90, are pairs of factors for 180.” 

Exercises 3 and 4 would best be 
treated as oral drill. If necessary, pro- 
vide other examples for oral drill. 


E 
F 
G 
H 


50 x 8400 1 47 x 10470 Mm 10 x 969e0 
60 x 10600 vy 10 x 65650 n 0x 100 
9 x 80720 x 10 x 93930 o 831 x 108310 


100 x 1010004 132 x 101320 p 10 x 7297290 


7 x 90630 1 9 x 4003600 m 6 x 70420 
21 x 1021I0 y 80x 4320 wn 30 x 9270 
3 x 700zi00 x 34 x 10340 o 4 x 5002000 
6 x 50030001. 8 x 7005600 p 6 x 603060 

















1. Solve the equations. 


n 
n 
n 
n 
n 
n 


nom OCA Ree 


mo 21-7 Gc nx4=246 


x 3=21070 n n x 4= 24060 
Sse, 28 4. 1 n xX 4= 2400600 
x 7 = 28040 5» nm x6=427 
415.= 306 K nM X 6 = 42070 
x 5= 30060 1 n x 6 = 4200700 


2. Solve the equations. 


n 
n 


nm oO pw > 
3 


n 
n 
n 


3. Solve the equations. 


3°03 


SL atch vb oi eG tht 
Ss5s gs 353535335335 5 


Peake CG 


x 35 24080 «6 n x 8 = 40050 
x 6 = 36060 nu nm x 2 = 6030 

x 2= 16080 1 nm x 4=12030 
x 5= 20040 5s nm x 9=27030 
x 7 = 21030 kx n x 5= 45090 
x 4= 32080 t n x 7 = 42060 


a= 24 9 
x30 — 2408 
hae 20.4 

x 50 = 2004 
ee os 
uA 320 8 
x*2= 168 

%~ 20 = 1608 
x 200 = 16004 
<a 29:7 
x40 260.7 
x 40 = 280070 


More practice, page A-14, Set 25 


Using the Exercises 

Assign the exercises on page 161 as 
independent work. Notice that the 
problems in exercises 1 and 3 are 
patterned to help the children go 
from the basic facts and special prod- 
ucts to finding missing factors. When 
the children have finished, allow 
time for checking and discussing the 
exercises. 

The entire class should benefit 
from a discussion of the Think prob- 
lem, after those who wish to do so 
have had a chance to try to find the 
solution on their own. Help children 
see that if they list all the multiples 
of 2, 3, and 4 that are less than 24, 
they can quickly reduce the possibil- 





Using the Ideas 


Mn x 6 = 549 

n 2 Xx 6 = 54090 
o ”n X 6 = 5400900 
Prin: x 9= 182 

a nm x 9= 18020 
rR nN X 9 = 1800200 
mM nm xX 3 = 2400800 
n nM xX 4= 2800700 
o n X 2 = 1600800 
Pp nm X 5 = 2000400 
a nm xX 7 = 4900700 
R ” X 6 = 3000500 





ities*to"5,77,. 105 13717, 19mande23. 
Then they can find that the number 
of cookies she baked must have been 
13 because it is the only number less 
than 24 that is just one greater than 
a common multiple of 2, 3, and 4. 


Assignments (page 161) 
Minimum: 1-3. Average: 1-3. 
Maximum: 1-3. 


Follow-up 

To provide further practice with 
special products and finding missing 
factors, prepare on a duplicated 
worksheet “practagons” similar to 
the following: 





Workbook, page 45 


161 


PAGES 162-163 
Objective 

Given division problems in which the 
dividend is a product of a multiple of 
10, 100, or 1000 and the divisor is a 
single-digit number, the child will be 
able to find the quotient by thinking 
of missing factors. 


Preparation 

To prepare for this lesson, conduct 
a short oral drill that requires find- 
ing quotients related to the basic 
facts. For example, ask a child for 
the product 5 X 9. When he answers 
“forty-five,” ask him for the quo- 
tients 45 + 9 and then 45 + 5. Con- 
tinue with other examples to help the 
children see the relationship between 
the original multiplication problem 
and the two division problems. 


162 


Let’s explore special quotients. 


1. Solve the equations. 


aa xX 448 2 ie 2 


8 


——___—_. 120.4 = C20 


pax6=18 24 —~__-»bx6=180 @  -_, 180 = 6= cao 
cax5=25 3——--4b x 5= 250 32 — _.. 250 = 5= C50 
pax8=16 2 —_ _,bx 8=160 2 — 5 160 "8 = ea 
e ax 3'=27 25-2 Sp x3 = 270 2 270] so ae 
Fax2=10 2——_.+ bx 2=100 52 __, 100 = 2= a6 


2. Solve the equations. 
AERO = TAZ 
B nm x 7 = 14020 
c 140+7= n2zo 
dpnmx4=328 
E n x 4= 320 80 
F 320+4= n80 


3. Find the quotients. 
a 21+3=n7 
B 210 =3= n70 
c 14+-7= nz 
pd 140 + 7 = nzo 
E 24-4=n¢é 
F 240 +4= néo 


4. Find the quotients. 
a 20=—5= n4 
Bp 200 —~ 50= n4 
ec 28+4=n7 
p 280 = 40= n7z 
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Discussion 

Although the exercises on these pages 
are not designated discussion exer- 
cises, you will find it worthwhile to 
handle exercise 1 at least as a class 
discussion activity. 

As you work through exercise I, 
encourage the children to explain in 
their own words how the three equa- 
tions in each part are related. Help 
them see how the basic facts are 
related to the special products and 
how missing factors are related to 
division equations. Note also that 
each set of three consecutive parts 
of exercise 2 are related, as are each 
two consecutive parts of exercises 3 
and 4. 


go nx8=243 
nH nm x8 = 240 30 
240 ~ 8= n 30 
nx7=284 
n x 7 = 280 40 
280 = 7= n4o 


ez et 


ec 40+=5=n8 


H 400 = 5= nso 

1 48+=8= me 
480 = 8= neo 
36 +~6= NG 


a & 


360 = 6= nego 


E 32+-8=n4 
320 + 80= n4 
48=-6=n8 
u 480 + 60= ns 


i 


(7) 


Mn x9=273 
nn x°9 = 27030 
o 270+9= n30 
pPnx6=244 
a n x 6= 24040 
rR 240=6= n4o 


mM2/-9= n3 
n 270 +9= N30 
0 49—-7=n7 
p 490 +>7= NnNio0 
o 56+8= n7 
r 560 = 8= nao 


1 72+9= n8 
vy 720+ 90= ng 
k 42+6= nv 


t 420+ 60=n7 


After working through exercise 1, 
and perhaps a couple of parts of 
exercises 2 and 3, it would be helpful 
to write division equations on the 
chalkboard and discuss how thinking 
of missing factors helps in finding 
quotients. For example, you might 
develop a few equations in the follow- 


ing manner: 
360 +9=n 
9X n= 360 


Since 9 X 4 = 36, 9 X 40 = 360, 


so 360 + 9 = 40. 


il 


ee ee Se eee 





5. Find the quotients. Think about the missing factors. 




















320 + 8 = n4% 360 + 9 = n40m 210 = 3 = nto 120 + 20 = née 
180 + 2 = n90n 560 + 7 = n807 150 +30=n5 
480 + 8 = né%°o 630 = 9 = nroy 360.+ 40 = n9 
420 +> 6 = nop 720 + 8 = no0y 480 + 60 = n8 
280 + 4= moa 490 + 7 = ntow 560 + 70 = ns 
450 — 5 = n90r 540 ~ 6 = n90x 810 + 90 = ne 


30 6 

m 9)720 a 50)300 
90 8 

n 6)540 r 60)480 
9 7 





A 
B 27/0+3=n7°H 
c 350=5=n70 
pd 240 += 4= néoy 
E 300 = 6 = n50x 
F 420 =~ 7 = neo 
6. Find the quotients. Think about the missing factors. 
_ 40 80 10 
a 3)120 E 2)160 1 9)630 
40 __50 ete) 
B 5)200 F 8)400 Js 8)640 
30 __ 40 710 
c 6)180 c 9)360 k 8)560 
30 80 60 
D 10 u 4)320 t 7)420 


7. Find the quotients. 
40 


c 


E 


° 800 

a 4)1600 K 3)2400 
400 500 
5)2000 t 6)3000 
Zoo 700 
9)1800 m 9)6300 
900 700 

p 3)2/00 n 4)2800 
800 900 
7)5600 o 6)5400 
e00 400 
8)4800 p 7)2800 
600 900 
9)5400 a 8)7200 
600 900 
7)4200 r 9)8100 
700 900 
3)2100 s 7)6300 
800 800 


























5)4000 t 8)6400 




















Using the Exercises 

Direct the children to do the other 
exercises on these pages independ- 
ently. For children who have not 
yet developed the ability to work as 
speedily as some of their classmates, 
you may wish to assign only selected 
parts of each exercise.. Make sure the 
children recognize the traditional 
form of writing division problems 
that is used in exercises 6 and 7. 

As you correct exercise 6, you 
might have children recite the mul- 
tiplication facts which check the 
divisions. For example, in exercise 
6Q the children should have the 
answer 6, and you can have them 
read the matching equations, 6 x 50 





_ Drawa figure like thisone. 
_ Put the numbers 7, 8, 9, 10, 
11,12, and 13 in the circles — 
so that the sum of the numbers _ 
alongany lineis30. 
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= 300 or 50 X 6 = 300. Also, it may 
be helpful to have children read 
problems such as exercise 5A as 
follows: “What number times 8 
gives 320?” 

Since the type of Think problem 
on page 163 was discussed previously 
(see page 83), many children may be 
able to solve this one independently. 


Assignments (pages 162-163) 
Minimum: 3-6. Average: 1-7. 
Maximum: 1-7. 





Workbook, page 46 
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PAGES 164-165 


Objective 
Given multiplication equations in 


which both factors are multiples of 


10, the child will be able to find the 
products. 


Preparation 

Conduct a short oral review of the 
products and quotients studied so 
far in the chapter. For example, pre- 
sent series of equations such as the 
following: 7X8=?, 7X 80= 2, 
7 X 800 = ? or 63 + 7= ?,.630 +7 
=.?),.6300 =-7 =? 

Investigation 

Your oral drill can lead into the 
problem illustrated in the investiga- 
tion. Have the children spend a few 
minutes studying Carol’s work. Next, 
have a child write the final product, 
1200, on the chalkboard. Then, ask 
the children to work independently 
and show how to use Carol’s method 
to find 40 X 60. While children are 
working, make a copy of Carol’s 
work on an overhead transparency 
or on the chalkboard. 


164 


Study the steps 





a 40x 60=4 
p 50 x 60=5 
c 60 x 70=6 
p 70 x 80=7 


B 30 x 30900 
c 30 x 20600 


164 





Discussion 


After allowing sufficient time for 
children to complete the investiga- 
tion, ask a volunteer to show the 
steps for finding 40 X 60 beside the 
display of the steps Carol used for 


30 X 40. Let other children present 


and discuss any alternative steps they 
might have shown in their own work. 
Be sure to help the children observe 
how the order and grouping princi- 
ples permit the rearrangement of the 
factors. 

As you discuss exercise 2, you 
might expect a response like, ‘“‘Mul- 
tiply the 3 times the 4, then multiply 
that product times 100.” If necessary, 
work through other examples until 


in Carol’s notebook. 


Can you show the same steps as 


Carol's for finding 40 x 60? 





@ /s there an easy way to find products like 30 x 40? 


Investigating the Ideas 


30 =3 x 10 
40=4x 10 


Rearrange ==> 
Multiply >> 








4AxI1OX6x!10 
AX O10 x10 
24 x 100 =2400 


See Investigation. 


Discussing the Ideas 


1. Explain the steps and solve the equations. 


x"10 x 6.x 10 ="n 2400 
x 10 x 6 x 10 = n32a000 
x 10 x 7 x 10 = n4200 

N5oo0o0 


x 10x 8x 10= 


2. Can you give a simple rule for finding 30 x 40? 
See Discussion. 


3. Try your rule out on these products. 


1800 
a 20 x 60i2z00 pv 40 x 20800 « 20 x 70i400 »y 90 x 20 


H 50 x 50zs00 x 80 x 90 


60 x 30is0o ME ZOn eee 
5600 


E 60 x 10600 
F 50 x 301500 1 


children formulate some rule to use 
for these factors. Then let them apply 
their rule to the factors in exercise 3. 
The purpose of having children 
formulate a rule is to help them find 
products such as these mentally. 
Carol’s steps are not to be imitated 
but should be understood as the 
basis for the mental procedure. 














1. Find the products. 
a 30x60='n 1 
4800 


sueoee7O ns GO x 80-9 


c 90x 30=n° x 40 x 40 =“n° 
p'70x 40="° 1 80x90=7 

m70x%9044n mM 60x90= "n° 
r 40x60=n xn 90x90=n 
@ 10 Sc0=inero 70x 70= n° 


3000 


nee ne GO x 50 8 


a n x 40 = 80029 
800 + 40 = nzo 

B n x 30 = 90030 E 
900 = 30 = n30 


1500 =~ 50 = n30 


30 70 80 
a 40)1200 e& 30)2100 1 10)800 


7TO 30 
B 20)1400 fF 60)1800 
GO 


50 
ec 50)2500 « 70)4200 


90 90 80 
pd 10)900 un 30)2700 t 40)3200 


4. Find the products. 


a 20 x 700 = nwooon 60 x 300 = nisooog 70 x 800 = 56 
B 40 x 400 = nieoooe 50 x 900 = 145000H 80 x 800 = néso00 
c 30 x 800 = nz4000rF 70 x 900 = né3o0001 


More practice, page A-15, Set 27 


Using the Exercises 
You may treat parts of exercises 1 
and 2 as oral exercises and then direct 
the children to number their paper 
and write only the answers for the 
remaining exercises. For exercises 
such as 2A, encourage the children 
to think, “What number times 40 
equals 800?” If some children have 
difficulty with exercise 3 or 4, direct 
them to think of missing factors. 
You might want to help them work 
through a few exercises step by step. 
For example, in exercise 3L: 
40)3200 
Think: 40 Xn= 3200 
4X8=32, 40X8=320 
so 40X 80= 3200; 













. Find the quotient by solving the multiplication equation. 

bp nm X 30 = 27009% n x 90 = 630070 

2700 ~ 30 = no 

n x 70 = 350050n n x 60 = 180030 

3500 += 70 = n50 

ec nm x 50=150030F n x 60 = 24004) 

2400 += 60 = n4o 4800 + 80 = neo 

. Find the quotients. Think about missing factors. 

m 50)4000 
10 50 

s 80)800 wn 60)3000 rk 
90 90 

x 20)1800 o 40)3600 s 

aeantll, 
p 80)5600 tT 


Using the Ideas 


6300 + 90 = n70 


1800 + 60 = n30 
n x 80 = 4800¢0 


80 40 
oa 10)400 


7O 
90)6300 
50 
10)500 
30 
90)2700 


90 x 800 = nzZ200 
165 





or 40Xn= 3200 
Since 4X8=32and 10X10=100 
then 4X8X10X10=3200 

and 40 80= 3200 


Assignments (page 165) 
Minimum: 1-3. Average: 1-3. 
Maximum: 1-4. 


Follow-up 

To give the children a clearer under- 
standing of the way rearranging fac- 
tors can increase efficiency in finding 
products quickly and accurately, 
show problems like the ones below 
on the chalkboard or overhead pro- 
jector or on a duplicated worksheet. 
Ask the children to rearrange and 
recombine the factors so that they 
only need to know the basic facts 
and how to multiply by 10, 100, or 
1000. 


Rearrange factors to make 
multiplication easier. 
1.109 X 60 X 10 

= 9 <6 < 105GIOS a0 

= 54 X 1000 = 54000 
2. 50 X 8 X 10 X 10 = 
33,62 LO a1 G70 = 
4. 4X 30 X 10. <u OO pag 






Duplicator Masters, page 30 
Workbook, page 47 
Skill Masters, page 30 
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PAGES 166-167 
Objective 

Given multiplication problems which 
contain computational errors or miss- 
ing digits, the child will be able to 
find the error or the missing digits by 
applying his knowledge of multiplica- 
tion and special products. 
Preparation 
It would be appropriate to begin this 
lesson immediately with the investi- 
gation and delay any oral drill until 
the discussion section. However, if 
you prefer, use a short, lively review 
of multiplying with factors that are 
multiples of 10. 


Investigation 

Ask the children to study carefully 
the illustration and the information 
given for this investigation. Be sure 
they observe that one of the factors is 
given and that two important clues 
about the second factor are given. 
The children should work independ- 
ently to answer the investigation 
question, but you may find it neces- 
sary to give some help to those who 
have difficulty making the kinds 
of inferences that are expected. If so, 
you might ask them such questions 
as these: “Does the fact that the 
second factor ends in zero tell you 
anything about the product?” “Think 
about how small a number and how 
large a number the second factor 
could possibly be. Does this tell you 
anything about the size of the prod- 
uct, or about how many digits it 
could have?” 


166 





1. Explain the 
mistake in each 


problem. 
See Discussion. 


your answers. 
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Discussion 


After the children have had adequate 
time to try to formulate answers for 
the investigation question, let them 
freely discuss their conclusions. The 
discussion should bring out these 
ideas: (1) The product ends in 0; (2) 
it can be no less than 70 and no 
greater than 630 (because the un- 
known factor can be no less than 10 
and no greater than 90); and (3) it 
must be either a 2-digit or a 3-digit 
number. ; 

In discussing exercise 1, children 
should observe that problem A must 
be wrong because the product of any 
whole number and ten ends in zero. 
For problem B, they should explain 


Suppose you know two things 
about one of the factors. 





Discussing the Ideas. 


2. Give the missing 
words and explain 


a_ lf one number ends in 2 and the 
other ends in 5, their product 
_ ends in _ ?__ 
B If two numbers are less than 10, 
their product is less than __ ?__.'!0° 
c_ If two numbers are odd, their 
product is __ ?__,edel 
%* p If the product of two whole numbers is less than one 
of the numbers, then one of the numbers is __ ?__ 


@ How well can you reason? 


Investigating the Ideas 


How many different things can 
you tell about the product ? 


See Investigation 
and Discussion. 


that the product of a whole number 
and 100 ends with 2 zeros. For prob- 
lem C, they should recognize that, 
since 99 is less than 100, 5 times the 
greatest possible 2-digit factor (99), 
must be less than 500 because 
5 X 100 = 500. 

Reinforce the ideas brought out 
in exercise 2 with several examples 
for each part. Not all the children 
will recognize at once for exercise 2A 
that the number described is zero, 
but all should be able to see why that 
is the answer once it is given. 








.O 








1. Copy each amtadlits Give ne missing digits. 


A 


2. A store manager bought 9 coats. Some of the coats cost 








50 B 0 Cc ilo D oil 
x 1Illo x10 x9 x lle 
500 700 36lllio 540 


$40 and the others cost $80. 


A 


* F 


3. Give the pairs of numbers that go in the gray spaces. 


The total cost of the coats could not have been $720. 
Why ? The greatest possible cost would be (8 x 80)+(1x 40), or $680 


The total cost of the coats could not have been $360. 
Why ? The minimum cost would be (8x40)+(1x80), or $400. 


What is the most he could have paid for the coats ?¢ 680 
What is the least he could have paid for the coats 24.400 
If 4 coats cost $80 each and 5 cost $40 each, how 


much did he pay for all the coats ?4520 


If the total cost of the coats was $440, how many 


$40 coats did he buy ?7 


Products 













Using the Exercises 

Assign exercise 1 as independent 
work, reminding children to use what 
they know about special products to 
help them. 

The parts of exercise 2 may also 
be assigned as independent work. 
However, you might have some chil- 
dren work in groups of two or three 
and “think aloud” for each other. 

You may need to provide assist- 
ance for some children for exercise 3. 
Certainly, those children who do not 
understand the process will recog- 
nize the answers once they are given. 
For example, it is easily understood 
that 5 X 10 = 50 and 5+ 10 = 15 is 
the answer to exercise 3A. When the 


Products 





Using the Ideas 


80 70 

E Iiiiih Fill 

sO7 x9 

Billo 6IllO 
6 3 


Quotients 


Poa 








children have completed the exercises 
on this page, be sure to allow time 
for them to review the exercises and 
perhaps invent some problems of 
their own concerning the buying and 
selling of clothes. 


Assignments (page 167)* 
Minimum: 1-2E. Average: 1-2E, 3. 
Maximum: 1-3. 


7||I| 0 3{lllO 5\}oo  — Sill illo 
| X70 x 8 x4 x30 
4 sii I illo = 2oUKil 150 
24 00 


Follow-up 

A worksheet such as the following 
will give children further practice in 
reconstruction problems. 


Find the missing digits. 



















9 0 Boll \lll 0 200llll Il Il 5 |llo 

alll 0 x 8 x6  xalll o 

3 6lll il 64 oT Iiitloo 450 
00 Or? 










































Resources for Active Learning 
Teaching Aids for Elementary Mathe- 


matics, ““Alphametics,” and “‘Cryp- 
tarithms,” pp. 52-53, Holt, Rine- 
hart and Winston. 


Duplicator Masters, page 31 
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PAGES 168-169 


Objectives 

The child will demonstrate his 
ability to work with the concepts pre- 
sented in this chapter. 

The child will demonstrate his 
ability to work with the concepts 
indicated for cumulative review. 


Preparation 
An oral review of special products 
would be an appropriate preparation 
for page 168, whether you plan to 
use that page as an evaluation instru- 
ment or as a basis for class discussion. 
If you plan to assign page 169 as 
independent work, you might review 
the basic principles by writing exam- 
ples on the chalkboard. For instance, 
write the following equations: 


7X 1=7(@ prin.) 
8 +0 = 8 (0 prin.) 


5+2=2+5 
(order prin., add.) 
3X 6='6XS 


(order prin., mult.) 
(24+4)+9=24+(449) 
(grouping prin.) 
Ask the children if they recall the 
names of the principles which each 
equation illustrates. 
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1. Find the products. 


toa 10x 7 «eG GiRqO0T 
i808 18 x 10 o 100 x (Bee 
230c 10x 23 1 57x 100 
500p 50 x 10 uy 70 x 100.5 
70e 75x10 «x 100 x 32 

830r 10 x 83 ct 86 x 100 


2. Give the missing numbers. 







a Since3 x 2 = 6, we know that 3 x 20 = n.eo 
B Since 7 x 4= 28, we know that 7 x 40 = n .280 
c Since9 x 6 = 54, we know that 9 x 600 = n.5400 


pb Since3 x 10 x 4 x 10 = 12 x 100, we know that 30 x 40 = n i200 
E Since8 x 10 x 9 x 10 = 72 x 100, we know that 80 x 90 = n 720° 


3. Find the products. 


a 4 x 30120 F 7 x 200/400 Kk 70 x 201400 p 7 x 90¢3° 
p 5x 70250 6 3 x 5001500 tL 30 x 40!200 a 800 x 2!c00 
c 6 x 80480 H 600 x 42400 m 50 x 603000~ R 70 x 503500 
p 40 x 4!60 1 8 x 3002400 n 80 x 403200 s 6 x 7004200 
E 50 x 6300 ys 400 x 83200 0 30 x 902700 t 90 x 908ICO 
4. Find the quotients. 
a 120 ~ 430 p 2500 + 550° 4g 2400 + 308° sy 3500 + 705° 
Bp 240 ~ 640 eE 2100 —~ 73200 wn 1600 ~ 2080 x 4200 ~ 607° 
c 180 ~ 290 F 2400 = 8300 1; 2000 ~ 405° L 4500 = 509° 
5. Find the quotients. 
70 “wel. 200 ra kes 800 
a 4)280 c 9)270 eE 8)1600 ce 60)600 1 5)4000 
7220 __90 7 ioe es eee 
B 5)100 p 6)540 F 40)280 nH 20)140 s 70)630 


168 


Discussion 
You might choose to use page 168 
as an evaluation tool. However, a 
discussion of the exercises would still 
be in order. 

Many children will find the Think 


problem on page 168 particularly . 


difficult. Even the answer to the 
riddle, once it is given, may mystify 
some children. Of course, the reason 
is not that they are unable to multiply 
50 X 50 but that they have had no 
experience in multiplying 2 X 2500. 
You might remind those children 
who have difficulty that multiplying 
by 2 is the same as adding a number 
to itself and that they can simply 
think about 2500 + 2500. Give the 








children considerable time to think 
about it before you ask for the 
correct answer. 

Whether you work through page 
169 with the children or have them 
work on their own, use the exercises 
to review the basic principles. After 
you have corrected their work, it 
would be helpful to name a principle 
and have the children give an exam- 
ple. In this way they not only must 
recognize the principles in equations 
but also must understand the princi- 
ples well enough to give an example 
of their own. 














1. 


* 4. 





The equations below illustrate the order, grouping, and zero 
principles for addition. Write the corresponding equations 
for multiplication. 








ORDER 5+7=745 Sx7=7x5 
GROUPING 5 + (7 + 6) = (5 + 7) + 6 SxCxe)= 
ZERO 5+0=55x1=5 





. Each exercise illustrates a basic principle. 


Name the principle used in each exercise. 


a 30 x (2 x 10) = (30 x 2) x 10 Grouping, for multiplication 
B 54+ 37 = 37 + 540rder, for addition 

c 93 + 0 = 93 Zero, for addition 

p 87 x 0 = 0 X 87 order, for multiplication 

E 63 x 1 = 63 One,for multiplication 

F 30 + (10 + 2) = (30+ 10) + 2 Grouping, for addition 


. Using the multiplication-addition principle, give the 


number for each ||. 

23 x 10 = (20 x 10) + (lll x 10)3 
(30 x 5) + (4 x 5) = 34 x Ills 
67 x 4 = (lll x 4) + (7 x 4)eo 

86 x [il = (80 x 7) + (6x 7)7 


> 


oo 8 


Name the principle used in each exercise. 

a (3 x 2) x (5 x 4) = (5 x 4) x (3 x 2) Order, for multiplication 
B (6 x 7) + (4x 7) = (4 x 7) + (6 X 7) Order, for addition 

ec (20 x 8) + (3 x 8) = 23 x 8 Multiplication- addition 

p (25+ 7) +3=3 + (25 + 7) order, for addition 

e (8+ 5) + (4+ 7) = (4+ 7) + (8 + 5) Order, for addition 

r (5+ 9) + (6+ 8) = (9+ 5) + (8 + 6) Order, for addition 
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Follow-up/The Matching Game 

To make the basic equipment for this 
matching game, glue thirty library- 
card pockets on two sheets of brightly 
colored poster board so that you 
have three rows of five pockets on 
each. Label the pockets on one sheet 
with the letters A through O, and the 
pockets on the other sheet with the 
numerals | through 15 (see the illus- 
tration). Cloth tape can be used to 
hinge the two boards together for 
easy folding and storage. 


ABI DIE MEIGS) 





(RIC IMICNICo} (IIIa) 


The Matching Game 

This game can be adapted for 
many kinds of review. Initially, mark 
fifteen multiplication facts with one 
factor less than 10 and the other a 
multiple of 10, 100, or 1000 on 
small index cards. On another set of 
fifteen cards, write the correspond- 
ing products. Shuffle each set sep- 
arately and place the cards face down 
at random in the pockets, a set on 
each side of the board. 

To play the game, divide the chil- 
dren into two teams. The first child 
on one team chooses a letter from A 
through O and a numeral from 1 
through 15. He should remove the 
two cards and show them to the en- 
tire class. If the product fits the ex- 
posed combination, give his team a 
point and remove the pair of cards. 
If the cards do not match, return 
them, face down, to their pockets. 
The first member of the other team 
then gets a chance to choose a pair 
of cards. The play continues until all 
pairs of cards have been removed. 
The winning team is the one with 
the greater number of points. Note 
that if children recall the position of 
particular products they will have a 
better chance of picking cards that 
match. 


Workbook, page 48 (Use with page 
168.) 
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CHAPTER 7 Estimation 


Pages 170-181 


General Objectives 
To provide a variety of experiences 
in estimation 
To prepare for estimation in dividing 
Mathematics 
The opening lesson of the chapter 
provides a variety of experiences 
directed toward the general concept 
of estimation and some work in 
“rounding off” to multiples of 10 and 
100 for easy estimations. Following 
this come lessons in estimating sums, 
differences, products, and quotients. 
The lessons are reinforced by word 
problems involving estimation. 

The topic of estimation is seldom 
thought of as being entirely in the 
realm of pure mathematics. How- 
ever, nearly everyone would agree 
that estimation plays a vital role in 
the practical application of mathe- 
matics. The pure mathematician may 
not want to claim estimation as a 
topic vital to his mathematical sys- 
tem, but in most instances estimation 
is a valuable tool. For example, the 
mathematician may want to use 1.414 
as an approximation for +/2 or 
3.14159 for the value of a. These 
rational numbers are, of course, 
merely rational estimations for the 
irrational numbers 1/2 and 7. 

Because a precise definition of 
estimation would not be practical, 
we prefer to define it loosely and in 
terms easily understood by the chil- 
dren. Estimation is explained by 
giving several statements that the 
children themselves might use if 
asked to tell what they think esti- 
mation means (see the “page from 
Cindy’s notebook”’ at the bottom of 
page 170). Our intent is to give the 
children a feeling for the general 
ideas involved in finding reasonably 
close approximations. 

We might maintain that a certain 
element of logic is associated with 
this study. However, it is probably 
more accurate to assert that esti- 
mation is a function of common 
sense rather than of precise logical 
reasoning. 


Teaching the Chapter 

Materials 

Demonstration number line 

Jar full of marbles 

Paper bags (optional) 

Several small containers, such as a 
cup or small glass, and one large 
container, such as a mixing bowl 
or jug (optional) 


Vocabulary 
estimate 

The materials mentioned are most 
appropriate for use with the word- 
problem lesson at the end of the 
chapter, but you may find it quite 
stimulating for the children to use 
these materials during the prepara- 
tion and teaching of each lesson. For 
example, when first explaining esti- 
mation to the children, you can have 
them guess how many marbles are 
in a jar, or you can have a contest 
in which the children have a chance 
over a period of two or three days 
to guess the number of marbles in 
the jar. You might also give the chil- 
dren an opportunity to estimate how 
many times the contents of a small 
container must be put in a large con- 
tainer to fill it. Be sure to determine 
the best estimate by actual counting. 

The demonstration with the paper 
bags requires a supply of blocks or 
other objects which can be used to 
fill the bags. For example, if you had 
a box of tennis balls, the children 
might guess how many tennis balls 
an empty bag would hold. Following 
the guesses, the children could count 
the exact number. 

Although such “guessing activi- 
ties” are not exactly at the heart of 
the topics taught in this chapter, they 
involve estimation and serve to stim- 
ulate children’s interest. The children 
will often guess in numbers that are 
multiples of 10 or 100, which is one 
of the key points of the chapter: to 
accustom the children to “rounding 
off” to multiples of 10, 100, or 1000. 


Lesson Schedule 
Plan to spend about a week to a week 


and a half on this chapter. This chap- 
ter is not absolutely essential to 
future work in the text, but you may 
discover that the children find these 
lessons stimulating. In this case, two 
weeks spent here may produce great 
dividends. 
Evaluation of Progress 
Evaluation should not be a crucial 
consideration in this chapter, so do 
not put a high premium on achieve- 
ment of skills. We do not expect the 
children to memorize any rules or to 
gain any great skill in estimation. 
We do hope that children acquire a 
general understanding of how to 
estimate; attain some skill in sub- 
stituting multiples of 10, 100, and 
1000 for other numbers; and arrive 
at some “‘common-sense’’ answers. 
Evaluating whether or not the chil- 
dren are able to do this is difficult. 
For example, on a test it is often 
difficult to tell whether a child has 
actually computed the answer or 
whether he has estimated it. We 
therefore recommend that you treat 
this chapter with a light touch. Try 
to see that the children enjoy and 
participate in the activities suggested 
for the chapter. You may use the 
chapter review as an evaluation in- 
strument if you wish. 
Resources for Active Learning 
GENERAL ACTIVITIES 
Elementary Science Study: Peas and 
Particles, Webster, McGraw-Hill 
Math Activity Cards, “The Bean 
Jar,” B44; “Leaves,” C38, Mac- 
millan 
Mathex: Measurement and Estima- 
tion No. 5, “Estimation,” pp. 
45-48 (pupil pages 55-64), Ency- 
clopaedia Britannica Publications 
Ltd. 
Nuffield Project: Problems—Green 
Set No. 44, Wiley 
COMMERCIAL GAMES 
Bali-Buttons—a game of logic (Cre- 
ative Publications; Edmund Scien- 
tific; Math Media) 
Wff ’N Proof—a game of modern 
logic (Cuisenaire Co.) 
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PAGES 170-171 
Objective 

Given numbers which are less than 
1000, the child will be able to find 
the nearest multiple of 10 or 100 for 
each number. 


Preparation 

To stimulate interest for the investi- 
gation, ask the children to think of 
times when they have made a guess 
about something. Encourage several 
children to share these experiences 
of guessing. Present a covered glass 
container filled with beans or marbles 
and ask children to guess how many 
items it contains. Explain that the 
container will be kept in view for a 
number of days, so they will have 
time to make new guesses if they 
want. 


Investigation 

Before you direct the children to the 
text, explain that in this investigation 
they will be asked to guess the 
answers to some problems. You 
might conduct a timed contest for 
this investigation to see who can 
come closest to the correct answer 
in 30'seconds. If you do conduct 
such a contest, make sure the chil- 
dren know what they are to do before 
they look at the text, so that they can 
begin immediately when they see the 
problems. Some children will realize 
that 987 is near 1000 so their answer 
must be less than but near 72 000. 
Similarly, 4987 is almost 5000, so 
their answer should be near 12 000. 
Observe whether any children make 
wild, unreasoned guesses; such chil- 
dren will need particular help in 
learning how to estimate. 
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7 Estimation 





See Invest 









| a. 34x98 


B. 524+49+535+43 


Discussion 
Have several children give their an- 
swers to the investigation questions 
and explain their reasoning. 
Continue in the same manner with 
discussion exercise 1. Stress the con- 
venience of thinking of multiples of 
10 or 100. Discuss the word “esti- 
mate’; explain that it -may be 
thought of as a “careful guess.” 
Children might add to Cindy’s note- 
book such comments as: estimates 
lead to many correct answers; errors 
in computation are easier to detect 
if an estimate has been made; and 
estimates made by rounding off num- 
bers are found quickly compared to 
the time computation requires. 


Investigating the Ideas 


No pencil and paper 
(except to record your guesses) 


How close can you come to guessing 


this product and sum ? 
igation. 





Discussing the Ideas 


1. Which guess do you think is 
best for the product ? Why ? 


3. We will use the word 
estimate instead of guess. 
Can you add anything about 


estimates to Cindy’s notebook ? 
See Discussion. 









GUESSES 


cindy 
Product 3400 


One of the main purposes of this 
lesson is to have children discover 
how to round off numbers to the 
closest multiple of 10 or 100. The 
guideline for rounding up or down 
is presented as a discovery exercise 
on page 171. (Numerals ending in 
1, 2, 3, and 4 are rounded down to 
the closest multiple; numerals end- 
ing in 5, 6, 7, 8, or 9 are rounded up 
to the closest multiple.) Stress the 
importance of thinking about multi- 
ples of 10 and 100 during this dis- 
cussion section. 


@ What does it mean to estimate? 


F'n ox 





2. Which guess is best 
for the sum ? Why ? 


























EEE 


Follow-up 

Children would benefit from ex- 
tended practice in rounding off num- 
bers and estimating products and 
sums. For this purpose you might 
prepare a worksheet similar to the 
following. 


Using the Ideas 


1. Multiples of 10 and 100 are helpful in making estimates. 
To estimate 29 x 43, we can find the product 30 x 4O. 
To estimate 48 + 73, we can find the sum 50 + 70. 

To estimate 312 x 67, we can find the product 300 x 70. 
To estimate 687 + 218, we can find the sum 700 + 200. 
The number-line pictures and the exercises will help you 


1. Give the multiple of 10 that is 
closest to each number. Use a 
number line only if you need to. 









choose multiples of 10 and 100 to use in estimating. A 73 E 39 Sas 
Give the numbers (a through x) that go with the points Bo. Wok a etna fA 
on this number-line picture. C 68 G 42 K 89 
2) 24 54 56 ae Ge D 75 dg iges Ng Eo 





Cag regs oe 43 48 


| | | | | : Feet 2. Give the multiple of 100 that is 
| | | | | closest to each number. 





a 








20 30 40 50 60 Ay S04) 7 E  O297- | Lara 
Buss OE 22 oe ra hou 
C 865 G 510 K 145 






D 483 H 673 L 286 


3. Estimate the sums or products. 
A 71 X 48 H 68+ 31+ 49 


2. Give the multiple of 10 that is closest to each number in 


exercise 1. The number-line picture should help you. 
AZO, 820, C30, D30, E40,F40,650,H50,160, J60, K70 











3. Give the multiple of 10 that is closest to each number. Beas 7% 02 ea tek dar ie 
Meee G3) p G4. 2 26 £137 0 48 «4 59 C29 Eee 
H 
E 88 X 42 L 86 xX 78 
4. Here arethe numbersforaands: a 310, B 390. é ar - ae . - 
Give the numbers for c through x. eae 
A p 429440 470 510 560 640 680 725 755 


Workbook, page 49 


| fit do 4 4 1, + 44 


<<—@—e—_0—_2-_¢_0-_9-_0- 0-2 009-0865 8-8-9899 8 GB Oe 
300 400 500 600 700 


5. Give the multiple of 100 that is closest to each number in exercise 4. 
A300, B400, C400,D400, E500, F500, GG0O, HG00, 1700, J700; KB0O 


6. Give the multiple of 100 that is closest to each number. 


a 320 ese 590 c 499 pv 619 e« 735 -F 549 4 551 
200 600 500 600 OO 500 00 
7a 





Using the Exercises ber would give a rough estimate for 


Read the top of page 171 with the 
children. Suggest that they list the 
answers to exercise 1 in a column 
down their paper and put the answers 
to exercise 2 beside them. This might 
help them see the alignment of the 
numbers in relation to the digits in 
the ones’ place. Have the children 
work the exercises independently. 
Then allow ample time for a discus- 
sion based on their work. Point out 
that when a number is directly be- 
tween two multiples, such as 15 in 
relation to the nearest multiple of 10, 
or 250 in relation to the nearest 
multiple of 100, either the multiple 
below the number or above the num- 


a problem, but it is agreed that such 
a number ending in 5 is rounded up 
to the multiple directly above it. 
Thus, 15 is rounded off to 20, and 
250 is rounded off to 300. 


Assignments (page 171) 


Minimum: 1-6, oral. Average: 1-6. 


Maximum: 1-6. 
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PAGES 172-173 


Objective 

Given addition and _ subtraction 
problems with numbers less than 1000, 
the child will be able to estimate the 
sums and differences by thinking of 
multiples of 10 or 100. 


Preparation 

As preparation for this lesson, review 
rounding off numbers to the nearest 
multiple of 10 or 100. For example, 
give the number 28 and ask a child 
to respond with the multiple of 10 
nearest to it. Or give the number 478 
and ask a child to respond with the 
multiple of 100 nearest to it. Con- 
tinue with similar examples, but 
remember to keep every preparation 
brief. 


LZ 


Let’s explore estimates of sums and differences. 


ik. 79 a Which of these do 
you think will give 


+49 


80 
+40 


[a] 70 
+40 


the best estimate 
of the sum in color? c 
bp Check your estimate by finding the correct sum. \2& 


2. 151 «a Which of these do 
you think will give 


—89 


150 
~90 


[a] 160 
~80 


the best estimate 
of the difference in color? B 
B Check your estimate by finding the correct difference. 62 


3. Give the multiples of 10 that are closest to the addends. 
Then give an estimate for the sum. 


58—> 60 
+96 > 100 
Estimate > 160 


Example: 


23 — |llll2o c¢ 
+78 — Illll 80 
lil 100 


A 19—|lI|20 8 
+48 — lll 50 
Illll 7o 


4. Give the number you think should go in each\|l|ll. 
A Toestimate 98 + 49, we can find the sum ||| + 50. too 
B Toestimate 79 + 19, wecan find the sum 80 + [llll. 20 


c Toestimate 92 — 47, wecan find the difference ||| — 50.90 


pb To estimate 12 + 87, wecan find the sum ||| + 90. 10 
E Toestimate 67 + 34, wecan find the sum 70 + |. a0 


F Toestimate 53 — 38, we can find the difference 50 — lll. 40 


5. Give an estimate for each sum and difference. 


a 59+19 80 £& 69+ 69 i140 1 444 86 i230 

B 92—4840 -F- 93—2760 y 97-4650 wn 
c 434+ 69110 « 864+ 59150 x 974+ 98 200 o 
p 67 — 2740 un 8/7—28¢0 1. 7/7—3840 Pp 
V2 


Discussion 

As you discuss each exercise at the 
top of the page, give the children an 
opportunity to choose for themselves 
which set of rounded-off numerals 
will give the best sum or difference. 
Review the guideline for rounding off 
numerals and help the children see 
that 79 is nearer to 80, and 49 is 
nearer to 50. Similarly in exercise 2, 
151 is nearer to 150, and 89 is nearer 
to 90. If necessary, use a number line 
to demonstrate the rounding off of 
these numbers. Select several exer- 
cises from parts of this lesson and 
display them on the chalkboard. 
Encourage children to discuss them 
and estimate the sums or differences. 


Ask the children to explain to the 
class their methods for determining 
certain estimates. For example, a 
child who is estimating 53 — 38 
might well explain that to arrive 
at this estimate he subtracted 40 
from 50. Some of the children may 
be advanced enough in mental com- 
putation to arrive at the exact answer 
(15). However, for such an exercise, 
you should point out that they need 
only think of an estimate that is a 
multiple of ten and that in this case 
you are not really interested in the 
exact answer. 

Since there will be children who 
are proficient enough at computation 
to arrive at correct answers faster 


+50 


[e] 160 
~90 


27 — Illll 30 
+69 = lll 70 


Il 100 


m 12 + 23 + 29 Go 
58 + 63 + 47 !70 
69 + 46 + 44 ico 
86 + 84 + 98 270 


———— oe rl ee ee 


10. 


11. 


Then give an estimate for the sum. 
A 898- Ill 200 B 690 |Ill 700 ¢ 








. Give the multiples of 100 that are closest to the addends. 


457 — lll S00 p 651 lll 200 





407 — Ill400 418 [lll 400 541 |Ill}500 849 Il a00 

296 = Ill 209 = 387 Iill400 = 327 Ill} 300-378 > ff. 400 

+513 Ill 59° = +209 Ill 200 +273 = Il 300 +764 >I 800 
Ill 2100 Ill '700 Ill ‘200 Ill 2700 


A2\l4, B1704,C1598, D264 


. Find the correct sums in exercise 4. Which was your best estimate ? c 


. Give the number you think should go in each Ill. 


a To estimate 298 + 67, we can find the sum ||| + 70, 300 

B To estimate 702 — 397, we can find the difference Ill — 400. 700 
c To estimate 417 + 686, we can find the sum 400 + |ill, 700 

p To estimate 641 + 856, we can find the sum || + 900, 200 

— To estimate 847 — 568, we can find the difference |Illl — 600. 800 


. Which sum will give the best estimate for 85 + 85? ¢ 


a 80 + 80 Bs 90+ 90 c 80+ 90 
Give an estimate for each sum. 
a 85 + 65 |50 B 35+ 45 80 c 65 + 65 i30 










Give an estimate for each 
sum and difference. * 
402 — 1982°°¢5 761 — 458 | 
787 + 2181'00% 869 + 46 
479 — 324%0, 729 — 346 | 
963 + 439'400m 301 + 649 
804 — 387400n 649 — 301 
497 + 69570 0 489 — 92400 
886 — 39860 p 86 + 215300 
% Estimates may vary. 


zranmmooioe > 


than some others can arrive at esti- 
mates, be sure to provide for 
individual! differences. 


p 75 + 45i2z0 


395 + 4078001 88 + 317420 in Jog 94 


173 


Using the Exercises 

After working through several exer- 
cises together, have the children com- 
plete the exercises independently. 
When they have finished, allow time 
for checking papers and a discussion 
during which the children explain the 
various ways of reasoning that they 
used to arrive at their estimates. 
This part of the lesson is vital; it is 
much more effective for the children 
to explain their reasoning to each 
other than it is to cite particular rules 
for all to follow. 


Assignments (pages 172-173) 


Minimum: 1-5, oral. Average: 1-5; 
6-11, oral. Maximum: I-11. 


Workbook, page 50 
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PAGES 174-175 
Objective 

Given multiplication problems with 
factors that are less than 1000, the 
child will be able to estimate the prod- 
ucts by thinking of multiples of 10 
or 100. 


Preparation 

You might choose to begin immedi- 
ately with the investigation. However, 
if you prefer, give the children further 
practice in rounding off numbers to 
the closest multiple of 10 or 100. 


@ Let's estimate products. 


Investigating the Ideas 





Jack made 4 mistakes 
on his paper. 





Investigation 

Give the children ample opportunity 
to estimate the 8 products on Jack’s 
paper. (Encourage them to prepare 
to explain during the discussion the 
4 mistakes they find.) Have the chil- 
dren who finish quickly, and who are 
capable, try to find the exact answer 
to some of these problems. Some may 
recall the multiplication algorithm; 
others may use repeated addition for 
the first few problems. 


Can you use estimation to find which problems Jack missed ? 
See Investigation and Discussion. (2,3,5,6,8 


Discussing the Ideas 


Give the number you think should go in each |llll. 

1. To estimate 3 x. 51, we can find the product 3 x< |]. 5° 
. To estimate 8 x 42, we can find the product 8 x |]. *° 
. To estimate 6 x 39, we can find the product 6 x< ||. 4° 
. To estimate 9 x 78, we can find the product 9 x jill. 8° 
. To estimate 32 x 29, we can find the product |llll x 30. 3° 
To estimate 98 x 18, we can find the product ||| x 20. '°° 
. To estimate 45 x 53, we can find the product || x 50. 5° 
. To estimate 9 x 207, we can find the product 9 x ||. 20° 
. To estimate 7 x 496, we can find the product 7 x |lll. =°° 
. To estimate 32 x 387, we can find the product 30 x ||. 40° 





CHOANOAOAWH 


) 
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Discussion 

Ask the children to point out the 
mistakes they found in the investiga- 
tion exercises and to give their 
reasoning in each case. In exercise 2, 
someone should point out that 8 X 
20 is 160 so 8 X 23 could not be 
154, which is less than 160. In exer- 
cise 3, children should estimate that, 
since 4 X 100 = 400, 4 X 99 must be 
less than 400 and, thus, 496 could 
not be correct. Since 39 is near 40, 
clearly, 6 X 39 must be greater than 
6 X 30 or 180, so 174 in exercise 5 
is incorrect. In exercise 6, 19 X 19 
cannot be greater than 20 X 20, so 
401 is incorrect. Finally in exercise 
8, 98 is near 100, so the answer 


should be nearer to 8000 than it is 
to 800. 

As you work through the discus- 
sion exercises, have the children give 
reasons for their answers. Note that 
exercises 8, 9, and 10 deal with 3-digit 
numerals. It would be helpful to 
have the children give their estimate 
of the product for each exercise. 


. Estimate the answer. 


. Give the number you think should go in each |lil|. 

To estimate 9 x 37, we can find the product 9 x ill. 40 

B Toestimate 4 x 96, wecan find the product 4 x |i. too 

c Toestimate 46 x 51, wecan find the product ||| x 50.50 
bp Toestimate 83 x 19, we can find the product 80 x |lil.zo0 


> 


. Estimate these products. 
A 6 x 21 I20 E 9 x 68630 


7 x 81 Seo 
8 x 39 320 =n 8 x 18160 


oo B 


. Give an estimate for each product. 


A 31 x 29900 F 64 x 563600 k 6 x 19812004 p 51 x 207i0000 
B 98 x 212100 6 38 x 8836001 3 x 69621004 a 39 x 289i2000 
c 69 x 191400 w 65 x 11650 m7 x 51635004 R 44 x 3181000 
p 41 x 512000 1 45 x 452000m 8 x 9998000% s 469 x 3415000 
E 82 x 897200 y 93 x 18!800 o 9 x 356304 Tr 538 x 651 


a What did Joe have to pay 


for 6 books at 49¢ each ? 
3.00 or 300 





B A pail holds about 
8 litres. How many 
litres are in 98 pails 2? S00 

c 24 hours make one day. 
How many hours 
are in 62 days ?about 1200 


about 


1 7 x 99700 m 98 x 3300 
5S< 32.150 Eo. 47.160 3 37 x 9360 n 6 x 56360 
ec 6 x 73 420 K 17 x 6120 o 4 x 74280 


L 





7x 19140 yp 8x 65480 


More practice, page A-16, Set 28 


Using the Exercises 

Have the children do the exercises 
on page 175 independently. When 
they have finished, allow time for 
checking papers and discussing the 
exercises. 

Parts P through T of exercise 3 
are starred because these estimates 
involve larger numbers. If time per- 
mits, accompany part B of exercise 
4 with a demonstration in which the 
children estimate how many smali 
glasses of water a given large con- 
tainer will hold. After the children 
have made their estimates, test these 
by having the children count to see 
how many glasses of water you can 
put in the large container. 


Using the Ideas 


560 


175 





Other demonstrations are also 
possible. For example, exhibit an 
empty paper bag and a set of like- 
sized objects and have the children 
guess how many of these objects will 
fit into the paper bag. After the chil- 
dren have made their estimates, fill 
the bag and then have the children 
count to see who made the best 
estimate. 


Assignments (page 175) 
Minimum: 1-2, oral. Average: 1-20, 
3A-O, 4. Maximum: 1-4. 


Follow-up 

Children might enjoy a different kind 
of estimation activity. Distribute or 
display a variety of pictures which 
show people, trees, cars, animals, 
etc., in great number. Have chil- 
dren estimate how many objects are 
in each picture. One way of doing 
this is to count some area, such as 
a 2-centimetre square, and use this 
as a basis for the estimation. (Of 
course, depending on _ perspective, 
the number of figures per 2-centi- 
metre square could vary consider- 
ably from foreground to extreme 
background.) 


Solution, Think, page 175 

If some children have difficulty with 
the Think problem, you might sug- 
gest that they make a reconstruction 
problem to help them find the missing 
digits. For example: 


Hm 
+ 1 
MI 


Resources for Active Learning 

Nuffield Project: Computation and 
structure 3, “Approximations,” 
p. 47, Wiley. 


Duplicator Masters, page 32 
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PAGES 176-177 
Objective 

Given division problems with a 
]-digit divisor and a 2- or 3-digit divi- 
dend, the child will be able to estimate 
the quotient by thinking of missing 
factors and multiples of 10 or 100. 
Preparation 
To prepare for this lesson, you might 
review estimation of products with 
examples similar to those in exer- 
cise 2 on page 175. You might also 
review finding quotients by thinking 
of missing factors, drawing your 
examples from the basic multiplica- 
tion facts. 


Investigation 

You might choose to have the chil- 
dren work as partners or in groups 
of three for this investigation. Thus, 
they could benefit from each other’s 
reasoning as they work through each 
problem. Move around the room as 
the children work. You may need to 
remind some children that each divi- 
sion sentence has a related multipli- 
cation sentence. You may, need to 
remind others that, although division 
may be thought of as repeated sub- 
traction, they are looking for esti- 
mates of the quotients and for this 
purpose repeated subtraction would 
not be as appropriate as thinking of 
missing factors. However, you might 
suggest to any children who finish 
quickly that they check their work 
by using repeated subtraction to find 
the quotient. 


176 






@® Let’s estimate quotients. 






Investigating the Ideas 






Jill made 4 mistakes 
on hel PaDOt (ee 












Can you use estimation to find which problems Jill missed ? 
See Investigation and Discussion. (1,4,5,7) 






Discussing the Ideas 


Thinking about missing factors will help you estimate quotients. 
1. Use multiples of ten (10, 20, 30, 40, 50, 60, 70, 80, 90) to 
estimate these quotients. 


(eee CR 


a 156 = 440 B 132 + 6 20 c 144 + 35° 


Ce snaeanis Coane) Cera) | 


p 114 = 6 22 —E 111 +340 F 637 + 790 




















2. Estimate these quotients. Use multiples of 10. 
A 128 ~ 430c 60 + 5ide 486 + 6806 129 ~ 7201 
B 57 ~ 320 p 98 = 250F 236 ~ 460n 282 = 3995 222 + 640 


252 + 550 


176 
Discussion dren to work the problems in exer- 
Have children point out the mistakes _cise 2 similarly. 
they found in the investigation. Since 
2 X 30 is 60, 56 + 2 cannot be 38. 
Since 3 X 30 is 90, 84 + 3 cannot be 
31. Since 6 X 20 is 120, 174 + 6 can- 
not be 19. Finally, since 3 X 60 is 
180, 219+ 3 cannot be 53. It is 
important that the children give the 
reasons for each mistake they 
identify. 
As you discuss. the exercises on 
page 176, stress the convenience of 
thinking of missing factors when 
estimating quotients. Point out the 
“think clouds” above each problem 
in exercise | as guides to thinking 
of missing factors. Direct the chil- 


Three numbers are given for each problem. Choose the 


number that is closest to the correct answer. 














How many boxes of 8 ?60° 
a 60 


How many packages of 7 ?3° 
a 100 








B 30 c 80 


B 100 c 7 a 20 


~ How many threes in 87? a 3 8B 30 c 20 30 
28 = 4 How many fours in128? a 10 B 300 c 3020 


5 ~How many fives in 525? a 90 B 100 ¢ 200100 


Ns os How many sevens in 343? a 5 8 40 c 50 50 





More practice, page A-16, Set 29 


Using the Exercises 

You might choose to use exercises 
1 through 4 on page 177 as a basis 
for discussion and write an equation 
for each problem as you work 
through it. Then assign the remain- 
ing exercises as independent work. 
Remind the children to think of 
missing factors as they estimate the 
quotient for each exercise. When 
they have completed the exercises, 
discuss the reasoning underlying the 
various selections the children have 
made. 


2. 386 erasers L ERASER 7 


How many boxes of 9 24° 
a 400 


4. Hees 
How many cartons of 12 ?2° 


0) How many sevens in 4760? a 600 8B 70 c 700700 
_ How many nines in 4680? a 50 6 5000 c 500500 
~ How many fifty-threes in 212? a 8B85c 44 


* 18. 25)224 How many twenty-fives in 224? a 8 8 10 c 1008 


Using the Ideas 





B 4 c 40 





B 10 c 100 


177 


Assignments (page 177) 


Minimum: 1-17, oral. Average: 1-17. 


Maximum: 1-18. 





Follow-up 

To give children practice in estimat- 
ing quotients, suggest the following 
card game: 

Use a deck from which all tens 
and face cards have been removed. 
One player is the dealer. This person 
will also be scorekeeper, though he 
himself will have no score. He deals 
one card to each player and 3 (or 4) 
cards to himself. He arranges his 3 
(or 4) cards face down in any order 
he chooses. Then he turns his cards 
face up to form a 3- (or 4-) digit 
numeral and calls out the numeral 
he has formed. 

Each player then uses his single 
card as a divisor and the dealer’s 
numeral as the dividend. He estimates 
his quotient to the nearest multiple 
of 10 or 100. The dealer records each 
player’s estimated quotient. All play- 
ers should act as a check on each 
other to see that a player has not 
made an unreasonable estimate. En- 
courage children to develop their own 
criteria for “unreasonable” estimates 
and types of penalties to impose. The 
first player to reach a determined 
score (the sum of his correctly esti- 
mated quotients), for example, 1000, 
or the player with the highest score 
after a certain number of rounds, for 
instance, 5, wins. 


Workbook, page 51 
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PAGES 178-179 


Objective 

Given word problems which require 
multiplication or division, the child 
will be able to estimate the answers. 


Preparation 

To prepare for this lesson, you might 
give children oral practice in estimat- 
ing quotients. For example, use 
questions such as the following: 
About how many fives are there in 
264? About how many sixes are there 
in 192? About how many fours are 
there in 337? Encourage children to 
respond in multiples of 10 or 100 for 
all such questions. Practice such as 
this is an excellent preparation for 
developing skill in dividing. 


178 


Solving Short Stories 


Estimation 


Estimate the answer to each question. 





#)» 6 tomatoes in each bag. 


About how many kilometres Gs hour ? 
(630 +7) 
re About 31 children in each class. 


213 children. How many classes ? 
10+ 30) 


3 Travel 642 kilometres in 7 hours. 


Place Ville-Marie. 
188 metres high. 49 stories. 


How high is pile story ? 
4m (200+ 50) 





About 365 days in a year. 7 days in a week. 
About how many weeks in a year ? 50 (350~7) 





© 
ap 
re 


27 cans fit in 1 carton. 
89 cans. About how many cartons ?3(90 +30) 


* 2780 cattle. 72 in each pen. fixie 
About how many pens ? 40 (2800+70) 


178 


Discussion 

The exercises on page 178 should, 
preferably, be assigned as independ- 
ent work. When the children have 
completed the exercises, allow time 
for discussion and encourage the 
children to elaborate on their reason-. 
ing in arriving at various estimates. 
For such an exercise set, one of the 
most important elements of the les- 
son is to have the children explain 
their thoughts on a given exercise in 
order that they may learn from one 
another. 


Assignments (page 178) 
Minimum: 1-7, oral. Average: 1-7. 
Maximum: 1-8. 





a 48 pills in each bottle 
7 bottles. How v many pile ? 


£32 bags. How many tomatoes ?!80 (ex30) 






















Answers may vary Considerably. 





of marbles in 


this plastic jar. 
160 (16x10) 


] Estimate the number 





If this block of lead weighs 22 abana 
estimate the weight of this block. —___-_-_—~ 


160 (20x 8) 





Count the number of breaths 

“’— you take in 1 minute. Estimate 
the number of breaths you take 
a inan hour. 


*s ina 24-hour day. 
Estimates will vary from child to child. 





The tallest horse 
5 on record is 

21 hands tall. 

Estimate this 


horse’s height in 
centimetres. See Answers, T.E. page !79. 


Using the Exercises 

The exercises on page 179 are in- 
tended to provide fun and diversion 
rather than to serve any particular 
purpose or goal in the study of 
estimation. 

For exercise 2, encourage the 
children to compare the small block 
with the large block. Help the chil- 
dren see that the volume of the large 
block is eight times the volume of 
the small block. You may wish to 
demonstrate with real blocks or 
with a picture. 

mi 


eB 





Estimation for Fun 





Estimate the number of words in 
exercise 5 by counting the number 
of words in one line and counting 
the number of lines. 45 (9x5) 





Sally took 4 drinks from the fountain on Monday. 
Tim took 6 drinks. Bill took 5 drinks. There 

are 33 children in Sally's class. Estimate how 
many drinks Sally’s class takes from the 


fountain in a one day. 
See Answers, T.E. page 179. 


B one week. 


Ona 180-cm man 
this length is about 
one hand. 
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Exercise 6 will involve some re- 
search by the children, since they 
must determine the approximate 
width of the hand of a man 180 
centimetres tall. They should find 
that a man’s hand is about 10 centi- 


metres wide. 
If you prefer to use these exercises 


as a class discussion activity, be sure 
to give the children an opportunity 
to find each answer on their own 
before discussing it. 


Assignments (page 179) 
Minimum: 1-6, oral. Average: 1-6. 
Maximum: 1-6. 


Follow-up 

Encourage children to make up prob- 
lems for estimation. In order to 
avoid problems of great difficulty 
suggest that they make up problems 
of “concrete”? estimation, such as 
how many pieces of paper in a tablet, 
or how many steps across the room, 
or how many kernels of corn in a 
can, etc. 


Answers, exercises 5 and 6, page 179 
5. A About 30 X 5 or 150 
B 5-day week: 
between 500 or 100 X5 and 
1000 or 200 < 5; about 750. 
7-day week: 
between 700 or 100 X7 and 
1400 or 200 X 7; about 1000. 
6. 200 (20x10); 1 hand is about 
10 centimetres. 


179 


PAGES 180-181 


Objectives 

The child will demonstrate his abil- 
ity to work with the concepts pre- 
sented in this chapter. 

The child will demonstrate his abil- 
ity to work with the concepts indi- 
cated for cumulative review. 
Preparation 
To prepare for this lesson, give 
children oral exercises in making 
estimates for sums, products, and 
quotients. Ask questions similar to 
the following: 


The sum of 68 + 24 is close to what 
number? The sum of 35+ 97 is 
close to what number? The product 
22 X 51 is close to what number? 
About how many eights are in 572? 
About how many threes are in 251? 


180 





. Give what you think should go in each gray space. 


To estimate 59 + 83, we can find the sum + 80. co 

To estimate 396 + 507, we can find the sum 400 + 9%). 500 
To estimate 7 x 68, we can find the product 7 + ™. 70 

To estimate 8 x 497, we can find the product 8 x ™.500 

To estimate 53 x 47, we can find the product M9. soxso 
To estimate 413 x 89, we can find the product ))9%. 400 x90 
To estimate 426 + 568, we can find the sum 7).400+c600 


To estimate 65 x 9, we can find the product "7% .65xi0 


-“-_zramnmmoonoas py 


2. Estimate the sums, products, and differences. 
69+ 2390 un 407 x 22 ool 
82 — 4930 1, 659+ 435 
8 x 37320 5 398 x 218000 
15 000 
33 x 581800 x 49 x 313 
90 000 
517 + 89590 c 301 x 297 
95 + 95190 m 205+ 298° 
503 — 293200n 39 x 604 


24 000 


on meow P 


eri I NS nt ee 


3. Choose the best estimate for each exercise. 
a 88-4 How many fours in 88 ?2°0 


B 
c 558=6 How many sixes in 558 ?90 
D 


4. Acubit is a unit of length first used long ago. 
It is the distance from a man’s elbow to 
the tip of his fingers. Goliath was 
reported to be over 6 cubits tall. 


Estimate Goliath’s height in centimetres. 
270 (456) 
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To estimate 403 — 196, we can find the difference 9} .400-200 












About 20? 30? 
434 +7  Howmany sevens in434?¢0 About 100? 70? 


About 80? 90? 100? 





Discussion 

Have the children do the exercises 
independently. When they finish, 
attempt to evaluate from the chil- 
dren’s discussion of this page what 
they understood from this chapter 


and what caused difficulty. If the | 


children have had trouble in. esti- 
mating quotients, such as those in 
exercise 3, it might be wise to provide 
some additional work in this area. 
However, estimation of quotients 
will be covered again in much greater 
detail in the next chapter. In exercise 
4 the children must do some research 
to find out the length of a man’s 
forearm before they can determine 
the approximate length of a cubit. 


Of course, it is hoped that the chil- 
dren will arrive at the fact that a 
cubit is about 45 centimetres. Ra- 
ther than disclose this fact, urge the 
children to try to find it indepen- 
dently. 

Most of the children should be 
able to solve the Think problem, if 
they understand estimating at all, by 
using the nearest multiple of ten. 





» he 


Follow-up 

As a further exercise for more capable 
children, develop a worksheet similar 
to the following, to refine their skill 
in estimation. 


Study the example that shows ways 
to find estimates. 


38 X 47 =? 
Rough estimate: 40 x 50 = 2000 
Better estimate: 





1. Find the missing numbers. aoe 
a 356 = 300+ 50+ nc 6389=n +3049 6947 = 6047+ n 
B 872 = 800 + Lea 2 v 5436 = 5430 + ink 4673 = 4603 + n 
70 


900 





\ 
2. Find the sums. 





























a 39 B 56 c 856 p 638 —e 5947 (30 X 50) + (8 X 50) = 
68 39 729 463 6879 1500 + 400 = 1900 
+57 +87 7-347 +806 4.9435 Still Better: 
es SraS ose aan B2Zel (30 X 40) + (8 x 40) + (7 X 30) 
3. Find the differences. ier Jamar odegnbiaeh 
A 234 B 195 c 156 p 117 —E 78 Fo og 38 X 47 = (30 X 40) + (8 X 40) + 
+39 =39 —39 —39 —39 —39 (7 X 30) + (7 X 8) 
195 156 7 goats (9 30 BT | = 1200 + 320+ 210 + 56 
. : : 3 ; = 1786 
4. Use exercise 3 to give the number of thirty-nines in 234. Now Vee fa 2 eee 
5. List the problems that have no whole-number answers. 8, F ———_—_ 
Then find the differences for the other exercises. Workbook, page 52 (Use with page 
Beate Beta) AS\wlyec? 37016 098304.» 12 874..4 © 4 387 160!) 
—108 —315 —106 —137 — 396 — 431 
39 264 167 - 478 ae 
e 500 H 1008 1 1870 Js 9007 k 4976 
—287 —369 =1798 — 8438 —1098 
213 639 TZ. 569 3878 
6. Find the products and quotients. 
a 9 x 40 360 p 200 x 8iG00 +6 20 x 50 1000 Js 30 x 400 i2000 
B 30x72!I0 ¢£ 360+490 nH 60 x 30 !800 =x 3600 + 4900 
ec 70x 6420 F 720+ 890 1 800 = 4020 t 500 x 30015 000 
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Using the Exercises 

If you wish to relate the work of 
this chapter to page 181, you might 
have children discuss how they could 
arrive at estimates for various exer- 
cises. For example, a child might 
estimate the sum for exercise 2C by 
finding the sum 900 + 700 + 300; 
or he might estimate the difference 
in exercise 3D by subtracting 40 
from 120. 

For exercise 5, discuss very care- 
fully those problems which have no 
whole-number answers. In the next 
chapter the children will be faced 
with the difficulty of attempting to 
subtract a larger number from a 
smaller one. That is, when using the 


division algorithm, the child’s first 
estimate for the quotient may be too 
great and he will be faced with a sub- 
traction such as in exercise 5B. In 
such a case, the child must be able 
to recognize that he cannot subtract 
and, therefore, must go back and 
try a smaller number for his esti- 
mated quotient. 


181 


CHAPTER 8 


Multiplying 


Pages 182-205 


General Objectives 

To develop the multiplication algo- 
rithm for I-, 2- and 3-digit multi- 
pliers 

To provide word problems appropriate 
to this development 

To maintain understanding of the 
multiplication concepts 


Utilizing the groundwork which was 
laid in preceding chapters, this chap- 
ter moves directly to the development 
of the multiplication algorithm. 
Familiarity with the special products 
covered in Chapter 5 and an under- 
standing of the distributive, or 
multiplication-addition, principle are 
essentially all the foundation neces- 
sary for a thorough development of 
the multiplication algorithm. Thus, 
all that remains is to demonstrate 
to the children the various processes 
involved in algorithm notation, 
which is simply a convenient method 
for writing multiplication exercises 
in such a way as to simplify com- 
putation. 

The first pages of the chapter are 
devoted to reviewing the distributive 
principle, estimation of products, and 
inequalities. Then a review of 1-digit 
multipliers leads to multipliers that 
are multiples of ten, and finally, to 
multiplication by any 2-digit multi- 
pliers. This extension is little more 
than a formality, since the general 
process has been developed previously. 


Mathematics 

Because the concepts necessary for 
understanding the multiplication al- 
gorithm have already been developed, 
there are no new mathematical con- 
cepts presented in this chapter. The 
chief mathematical concept involved 
is the utilization of the distributive 
principle for “breaking apart” and 
adding partial products in the multi- 
plication algorithm. The development 
of the algorithm, after a certain 
amount of groundwork has been 
provided, involves little more than 
helping the children learn to write 
the work in a special, convenient way. 
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Teaching the Chapter 
Materials 
Casein glue 
Coins (optional) 
Vocabulary 
bar graph 

In a chapter such as this, which is 
devoted primarily to the develop- 
ment of skills in working with an 
algorithm, there are no new mathe- 
matical concepts, and hence, little 
vocabulary is involved. 

The bar graph provides a con- 
venient way of organizing data to 


make it easier to interpret. Bar graph 


is really not a mathematical term, 
but the children need to become 
familiar with it to handle the lesson 
on page 189 and to make it an effec- 
tive tool for handling other kinds of 
data. 

Since our chief concern in this 
chapter is to teach children to organ- 
ize their work in a certain manner 
on paper, little is required in the 
way of materials. 


Lesson Schedule 

Plan to spend about three weeks on 
this chapter. If the children are par- 
ticularly slow at grasping the skills, 
you may decide to allow four weeks. 
However, if the children understand 
the ideas, these skills can be devel- 
oped to a greater degree throughout 
the remainder of the text, which does 
provide for maintenance of the 
algorithm. Therefore, do not expect 
the children to have mastered this 
algorithm completely by the end of 
the chapter. 


Evaluation of Progress : 
Evaluation of whether or not a child 
has mastered the algorithm is quite 
simple. However, the fact that the 
child can use the algorithm success- 
fully does not guarantee that he 
understands it. In a cumulative evalu- 
ation for the entire multiplication 
process, you should include under- 
standing of the algorithm as one 
criterion. An interview with each 
child during which you ask him to 


“think aloud” through exercises of 

various degrees of difficulty would 

facilitate your evaluation of his 
understanding of the algorithmic 
process. 

Try to give more capable children 
as much experience as possible in 
creating and analyzing data from as 
many different kinds of graphs as 
they can reasonably find, but do not 
include this skill as part of your 
evaluation. Use pages 202 and 203, 
which provide a chapter review, and 
pages 204 and 205, a cumulative re- 
view, to assist you in your evaluation. 
Resources for Active Learning 
GENERAL ACTIVITIES 
[Refer also to Chapters 5, 6, and 7 

for appropriate resources for this 

chapter, since all these concepts 
deal with multiplication-division.] 

Applied Mathematics Cards, ““Num- 
bers,” Group 4/2, Schofield and 
Sims (Available from Mafex 
Associates, Willowdale) 

Franklin Series: From Fingers to 
Computers, “‘Multiplication on the 
Counting Board,” pp. 34-35; 
““Napiers Rods,” pp. 38-45, Lyons 
and Carnahan (Available from 
McGraw-Hill Ryerson) 

Franklin Series: Making and Using 
Graphs and Nomographs, ““Nomo- 
graphs,” pp. 71-78, Lyons and 
Carnahan (Available from 
McGraw-Hill Ryerson) 

Franklin Series: Patterns and Puzzles, 
““Napiers Bones,” pp. 86-89, Lyons 
and Carnahan (Available from 
McGraw-Hill Ryerson) 

Freedom to Learn, ‘“‘Multiplication,”’ 
pp. 118-119, Addison-Wesley 

Math Activity Cards “Multiplying,” 
C5, Macmillan 

Mathex: Operations and Problem 
Solving No. 8, “Napiers Bones,” 
pp. 19-22 (pupil page 22); “‘Lattice 
Method,” pp. 22-23 (pupil pages 
23-24); “Multiplication-Division 
Slide Rule,” pp. 23-24, Encyclo- 
paedia Britannica Publications 
Ltd. 

Nuffield Project: Computation and 


Structure 3, “The Distributive 
Property ...,” pp. 38-47, Wiley 

Nuffield Project: Computation and 
Structure 3 , “Tables,” pp. 30-34; 
*Napiers Rods,” p. 48; “The 
Calculating Machine,” pp. 48-49, 
Wiley 


MANIPULATIVE DEVICES 

Multiplying Machine (Creative Pub- 
lications; Hammett) 

Napiers Rods (Hammett; Selective 
Educational Equipment) 

SEE Calculator (Selective Educa- 
tional Equipment) 

Soma Cubes and Wooden Block 
Puzzles (Edmund Scientific; Selec- 
tive Educational Equipment) 


COMMERCIAL GAMES 

Orbiting the Earth: Multiplication 
(Scott Foresman) 

Quinto (Hammett; Selective Educa- 
tional Equipment) 

TUF (Creative Publications; Cuisen- 
aire Co.; TUF) 
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PAGES 182-183 
Objective 

Given a multiplication problem with 
a 1-digit factor and a 2-digit factor, 
the child will be able to find the prod- 
uct by applying the multiplication- 
addition principle. 
Preparation 
It would be appropriate to begin 
with the investigation and let it 
serve as an introduction to this 
chapter. However, if you prefer, use 
a short drill of basic multiplication 
facts and multiplication with multi- 
ples of 10. 


Investigation 

If possible, have sets of coins avail- 
able for use by those children who 
need them. You might have the 
children work in groups of two or 
three. Before they begin, make sure 
they realize that they are to find the 
cost of 3 hamburgers, of 3 hot dogs, 
and of 3 tacos. In each case they 
may simply add the cost of the item 
3 times. However, suggest to them 
that, since they must find the cost of 
3 of each of the items at the same 
price, they should try finding their 
answers by multiplying. Using multi- 
plication will necessitate application 
of the multiplication-addition princi- 
ple at least on an intuitive level. 


182 









Multiplying 


@ Let's use the multiplication-adadition principle. 






Investigating the Ideas 










You have a dollar to spend. 
The cost of each item is 
shown in coins. 
















Hamburger 


Hot dog Taco 


@%e% | o 












Can you buy 3 hamburgers ? 3 hot dogs ? 3 tacos ? 
See Investigation. s No 









Discussing the Ideas 


lia 






To find 3 x 32,1can find 
3 thirties and 3 twos. ; 





Explain how Steve 
is thinking about 
332, breaicing apart tne albout 
B How woul feve~ 
think about 3 x 34? 
See Discussion. 
2. Give the missing words. 
a Tofind4 x 26, wecan find 4 twenties and 4 __ 
B Tofind2 x 37, wecan find 2 _ ?__ and 2 sevens. thirties 
c Tofind3 x 42, wecan find 3 forties and 3 ___?__.twos 
p Tofind5 x 24, wefind5__?__ and 5 __ ?__. twenties, fours 
E Tofind3 x 25, wecan find 3_ ?__ and 3 ___ ?__ twenties, fives 
F Tofind6 x 14, wecan find 6_ ?__ and 6 __?__. tens, fours 















?__ sixes 


3. Can you find si UT EO in exercise 22 
A 104, 874, CI26, D120, E 75, F 84 
182 


similar to this: “In exercise 2D, to 


Discussion 


Have the children explain how they 
arrived at their answers for the in- 
vestigation. Emphasize the applica- 
tion of the multiplication-addition 


principle. Help children see how 
Steve is thinking about 3 X 32. For 
exercise 1B, expect a response some- 
thing like this: ““To find 3 X 34, find 
3 fours and 3 thirties. Then add 12 
and 90 and get 102.” 

Exercise 2 provides excellent prac- 
tice in “breaking apart” factors. As 
you discuss exercise 3, develop each 
problem in a way that will show how 
the multiplication-addition principle 
is applied. Do not use. the vertical 
notation yet, but use an explanation 


find 5 X 24, first think 5 twenties 
and 5 fours. Since 5 twenties is 100, 
and 5 fours is 20, altogether we have 
100 + 20, or 120.” 


Using the Ideas 


1. Solve the equations. 


A 
B 
c 
D 
E 


2. Solve the equations. 


4g A 
1sSB 
is2c 
378D 
299E 
SI2F 
ATAG 
A230H 
8551 


4x25=(4x20)+(4x n)s F 7x92=(7x n)+(7x2)90 
6x 32=(6x30)+(6x n)2 ec 3x76=(3x n)+(3x6)70 
5x18=(5x10)+(5x n)s H 9x58=(9x n)+(9X8)50 
3x 56=(3x50)+(3x n )o 1 4x35=(4x n)+(4x5)30 
8x21=(8x20)+(8x n)i y 8x47=(8x n)+(8x7)40 


aeea6 = (3 x 10) + (3:x.6)= 
5.x 23.= (5: 20) + (5x 3). = 
4°38 = (4x 30) + (4 x 8) = 
9 x 42 = (9 x 40) + (9 x 2) = 
57 =X 50) 2 (7X 7) = 
8 x 64 = (8 x 60) + (8 x 4) = 
6 x 79 = (6 x 70) + (6x 9) = 
5 x 86 = (5 x 80) + (5 x 6) = 
Sex 95 = (9°*' 90) + (9 x 5) = 


Jes SS Ss Sass SS 





3. Give the missing numbers. 


a Since 4 x 80 = 320, we know that 4 x 81 = n.az24 

B Since 7 x 50 = 350, we know that 7 x 51 = n.357 

c Since 6 x 80 = 480, we know that 6 x 82 = n.452 

p Since 4 x 90 = 360, we know that 4 x 94 = n.376 

eE Since 8 x 70 = 560, we know that 8 x 73 = n.584 

% 4. Solve the equations. 

a 20 x 43 = (20 x 40) + (20 x 3) = nB8eo0 

By O0s 74° — (60 x 70) == (60 x 4) = N4440 

c 30 x 86 = (30 x 80) + (30 x 6) = 2580 

p 50 x 29 = (50 x 20) + (50 x 9) = M450 

E 90 x 98 = (90 x 90) + (90 x 8) = mgszo 

F 23 x 34 = (23 x 30) + (23 x 4) = n782 

c 34 x 45 = (34 x 40) + (34 x 5) = mis30 

More practice, page A-17, Set 30 183 
Using the Exercises than when we multiplied 4 X 80. 


On page 183, have the children work Most of the children will be able 
the exercises independently. When to solve the Think problem. 


they have finished, point out, or 
have the children explain, how the 
multiplication-addition principle is 
used in exercises 1 and 2. The use 
of the multiplication-addition princi- 
ple is much less obvious in exercise 
3 than in exercise 1. For example, in 
exercise 3A, we observe that since 


we know 
4 X 80 = 320, 
we know that 
4X 81 = 324 
because Assignments (page 183) 
4X 81= (4 X 80) + 4 X 1). Minimum: 1-2. Average: 1-3. 


Hence, we just have one more four Maximum: 1-4. 





Follow-up 

Some children might benefit from 
working with concrete materials such 
as number blocks or centimetre rods 
and grids. For example, to multiply 
4x26, a child would take 2 centi- 
metre rods and 6 centimetre units, 
four times, and regroup his final 
amount. 


Oo Oo Oo o 

Oo O O QO 

O QO QO O 

O O O 0 

O O O O 

O O O D 
26 26 


obo0o00o 





10 rods + 4 
Workbook, page 53 
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PAGES 184-185 
Objective 

Given a multiplication problem with 
one 2-digit factor, written in either 
horizontal or vertical notation, the 
child will be able to find the product. 


Preparation 

A short, brisk game of ““What’s My 
Rule” (see page 63) would be a 
suitable preparation for this lesson. 
However, you may choose to begin 
immediately with the investigation. 


Investigation 

The function table to be studied in 
this investigation demonstrates the 
use of the multiplication-addition 
principle and provides an introduc- 
tion to the standard algorithm. As 
children are finishing the investiga- 
tion, write other examples of similar 
function tables on the chalkboard, 
such as the following: 





57 Multiply by 4 
x 4 
ane 28 
200 
il 
74 Multiply by 6 
x 6 Output 


4 24 
70 420 
74 HL 


You might also have the children 

make a function table for other 

products which you present in ver- 

tical notation; for example: 
38 82 


46 
x 8 


x5 xi XE 


184 





Find the product. 


in the firststep. 


4 
A 38 
x6 
228 
184 





Discussion 

Use discussion exercise 1 to relate the 
function table in the investigation to 
the algorithm. Point out the partial 
products in the table and note that 
their sum equals the final product. 


Use several illustrations of the 
method in exercise 1 before continu- 
ing through exercise 2. Then work 
through the example in exercise 3 
step by step with the children. 
Children using this notation fre- 
quently make the mistake of adding 
the number carried before multiply- 
ing. For instance, in example 4A, the 
children might add the 4 and the 3 
and then multiply 7 by 6 instead of 
multiplying 6 times 3 and then adding 


Here is a function table 
for finding this product. 


1. Compare this method with 4 
the function table above. 
Find the final product. 


3. Explain each step in 
the’shortcut, ——_______-> 
Multiply 3x@ and write down the 
ones’ digit (8) and note the number 
of tens ; then multiply the tens’ 
digit (2) and add the | ten noted 


Investigating the Ideas 


Can you make a function table for this product ? 
See Investigation. 


Discussing the Ideas 


x 
Wo 





NR — 
oO Ol 


1 
Mn, = 





2. Find the product 37 x 4 using the method in exercise 1. 


4. Explain each example. See Discussion. 


2 Vs 
B 54 c 65 
De) x4 
378 260 


4. The most effective way to combat 
such errors is to ensure that the chil- 
dren understand what they are doing. 
As you work through exercise 4A, for 
example, you might use commentary 
such as: ‘6 times 8 is 48; write down 
the 8, remember the 4. 6 times 3 is 
18, plus 4 is 22. Write down the 22.” 


@ Let's multiply with one 2-digit factor. 


Function Rule 


Multiply by 3 


Input 


Output 











In exercises 1 to 4, copy each equation 
and give the missing number. 


1. a ox 12=(3x10)+ Cx n)2 -2. 


B 3x12=30+ no 
ox 12=n 36 


Bua Oe co (3x Mm) +(3x5)zZo 4, 


Bp 3x25=n+1560 
ec 3x25=n75 


5. Copy each exercise and give the missing number. 
a 46 B 64 ce 18 dp 43 —E 84 F 65 


18 Ill 2.< 32 
20. , 208% 240 
Will 138 =448 IMM =z. 


6. Find the products. 
a 48 B 32 c 16 


x2 x6 

96 192 
eles by F 62 « 53 
x9 x4 

315 248 
1 55 ys 46 k 39 
x8 GE 

440 322 


7. Solve the equations. 
Ree x 6 Xo NIZE 
B 5x 7x 4= nwo 
36 < 2: Nace 
pd 9x 4x 5=7160n 


More practice, page A-17, Set 31 


Using the Exercises 


15 8 is 
willl200 160 = 180 
215 MMiiice = 195 





Using the Ideas 


4x21=(4x n)+(4x1)20 
4x21=n +480 
4x21=.n84 


6x14=(6x10)+ (6x n)4 
6x 14=60+4 n24 
6x14= ns84 
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Note that the selection of problems 
on page 185 leads the child gradually 
into the independent use of the 
algorithm. Assign these exercises as 
independent work. Aid any child who 
needs help, and allow.time for further 
discussion of the algorithm when 
checking the papers. 

Many combinations are possible 
for the Think problem. One example: 





Assignments (page 185) 


Maximum: 1-7. 


Minimum: 1-4, 6. Average: 1-6. 


Follow-up 

Encourage children to make their 
own function tables. You might put 
four or five on task cards for the 
children to exchange. The answers 
could be labelled on the back of each 
card or on a separate answer key. 


Duplicator Masters, page 33 
Workbook, page 54 
Skill Masters, page 33 
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PAGES 186-187 
Objective 

Given a problem calling for multi- 
plication of a 3- or 4-digit factor by 
a I-digit factor, the child will be able 







@ How can we multiply with a 3-digit factor? 





Discussing the Ideas 



















ASSOLE SEX 00)" S00 3200; 
Ox A00 eae’ 1005 “TX 9000! 22 x 
3000, 6 X 8000, etc. However, re- 
member that the preparation should 
serve as a stimulus for the lesson and 
should not extend more than four or 
five minutes. 





to find the product by using the multi- 1. Can you explain this Fai EE 

plication algorithm. method for finding 20, ——> Bee 

; this product ? rs Ge 
Preparation See Discussion. es , 
To prepare for this lesson, provide 18 
the children with oral practice in 150 | 
. finding products such as 5 X 40, 600 | 
| 


What is the product ?, ——-__—-—_______- |Iililiilil 
768 


2. Explain each step and give the missing numbers. | 


Step 1 Step 2 


347 347 


x25 x 5 
HIM 35 
2S II 
200 


i 
1735 


3 _ — 
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Discussion similar to the one in exercise 3 and 
Give the children an opportunity to have children explain each step as 
study the example in discussion exer- they work the problems. 

cise 1. Make sure they realize how 

the partial products are added to find 

the final product. In exercise 2, use 

the colored shadings to guide the 

discussion step by step through the 

algorithmic process. Point out the 

partial product for each step and 

how they are added in the last step. 

Finally, relate the shortcut in exercise 

3 to the method developed in exer- 

cise 2. If children understood the use 

of the algorithm with a 2-digit fac- 

tor, extending this use to a 3- or 

4-digit factor should not cause diffi- 

culty. Present several examples 
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1. Copy each exercise and give the missing number. 








a 254 B 621 e 523 
x3 ae | _x4 
12 t= 12 
150 140 Il! BO 
600 4200 2000 
IMM “72 4347 2092 
2. Find the products. 
a 213 B 416 c 532 pv 618 
xs xz x4 x3 
639 B32 2128 p54 
6 348 H 217 1 618 v 521 
x4 x5 x2 x4 
1392 1085 1236 2084 
m 642 n 815 o 921 p 926 
xs x6 x3 x2 
1926 4890 2763 1852 
s 7651 t 3716 u 5481 v 6567 
ay t x4 Daly» x6 
53557 14 864 38 367 39402 


3. Find the products. 





a 24x6x 34232 8p 5x47x3705 ¢ 4x56x2448 p 7x25 


a 


More practice, page A-78, Set 32 


Using the Exercises 

On page 187, note that exercise | does 
not use the shortcut algorithm. It is 
essential that children understand 
the steps developed in exercise 1 
before they attempt to develop skill 
in using the shortcut. Encourage 
them to use the shortcut in exercise 
2 only if they can do so with under- 
standing and confidence. However, it 
is hoped that most will use the 
shortcut method; this will facilitate 
the multiplication of two 2-digit 
factors, which is soon to be treated. 
Although the three factors in each 
part of exercise 3 may be multiplied 
in any order, the children might run 
into the difficulty of multiplying two 


‘7 Saige LDU ae 


Using the Ideas 








562 —E 142 
x5 x6 
10 I 2 
300 240 
Wn] 2500 600 
2810 852 
— 729 F 843 
x5 x6 
3645 5058 
«x 603 t 735 
x2 
5427 1470 
ao 138 rR 507 
a0 a5 
828 4056 
w 8035 x 7604 
x5 x4 
40175 ZBO4I16 


x 4700 
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2-digit factors unless they work from 
left to right. When the children have 
finished, allow time for checking 
answers and for explaining several 
of these exercises. 

Many children will solve the Think 
problem by observing the pattern. 
Encourage very capable children to 
extend the pattern if they can. 


Assignments (page 187) 
Minimum: 2A-L. Average: 1-2R. 
Maximum: 1-3. 





Follow-up 

A follow-up appropriate for this or 
any of the remaining lessons is the 
method of checking multiplication by 
casting out nines. Add the digits of 
the multiplicand, the multiplier, the 
product. Cast out nines. Find the 
product of the digit for the multipli- 
cand and the digit for the multiplier. 
Combine the digits of this product, 
again casting out nines; if the mul- 
tiplication problem is correct this 
digit should be the same as the digit 
resulting from the combination of 
digits in the product of the problem. 

Examples: 


(a) 
5215+2+1=8 8 
x 454 x4 
2084—14-1+-4 O, 32734250) 
(b) 
603-0 0 
x, 9-0 x0 
5427-18148 =9 O90) 
(c) 
6567—6+5+6+7 = 24-6 
x66 
394023 ++-9+ 4+0+2-—18 
=1+8=9—@) 
Ax 6 
x6 
36-3+6 
=9—(@) 


Resources for Active Learning 
Mathematics in Modules, WN13, 
Addison-Wesley. 


Duplicator Masters, page 34 ~ 
Workbook, page 55 
Skill Masters, page 34 
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PAGES 188-189 


Objectives 

Given short problems which require 
multiplication with one 2-digit factor, 
the child will be able to solve the prob- 
lem by finding products. 

Given problems which relate to a 
bar graph, the child will be able to 
solve the problems by reading the bar 
graph and multiplying. 

Preparation 
To prepare for this lesson, you might 
give the children oral problems sim- 
ilar in structure to those on page 188. 
For example: 


If 1 box holds 20 erasers, 
then 5 boxes hold how many 
erasers? 


If each classroom has 30 desks, 
then 8 classrooms have how many 
desks? 


If 1 film lasts 50 minutes, 
then 6 films would last how many 
minutes? 


Notice that the multiplication re- 
quired for these problems involves 
multiples of 10, so children should 
be able to work them without pencil 
and paper. As usual, the preparation 
should be kept lively and short. 
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Short Picture Problems 


Short Story Problems 


Cost 6 cents each. 
Bought 42. 








Spent how much ?$2.52 


(252¢) 





be 2 dozen in a box. 
VQ Had 8 boxes full. 


How many in all ? 
192 (iG doz.) 


Cost 42 cents each. 

Bought 6. 

Spent how much ? 
$2.52 






(252¢) 


12 apples per kilogram. 


5 school days a week. 7 kilograms. 


36 weeks of school. 


How many days ? igo 


12 girls, 15 boys. 
Admission: 5 cents each. 
188 


Discussion 
You might use the picture problems 
on page 188 as a basis for discussion 
and have children relate stories for 
each one before you have them ex- 
plain how to work the problems. The 
story problems, however, might bet- 
ter be used as independent work. 
When the children have completed 
the exercises, allow time for further 
discussion of these problems. 


How much for all ?$1.45 (ias¢) 


Assignments (page 188) 
Minimum: 1-3, oral; short stories 
1-6. Average: All. Maximum: All 











How many apples ? 84 


Solving Story Problems 


City Altitudes 


Each space 
shows about 
175 metres 
above 

sea level. 





Sea level > CoG We BR ot 
oF ge™ oP at oe 
oa yom A™ ook Xe 


oo 


1. Study the bar graph. Then make 
a table like the one on the right. 


Give the missing altitudes. Moose Jaw - 
F r Beaverlodge 7° | 
2. About how much higher is Nelson ®25 | 


Penhold then Nelson ? 350 


3. The highest large city in the United 
States is Santa Fe, New Mexico. 
It is 2085 metres above sea level. 
How much higher is Santa Fe than Kamloops ? \735™ 


Sault Ste. Marie 
Penhold ©7> 
Kamloops >>° 





















































4. Armstrong, B.C., is about 350 metres above sea level. 
Jasper, Alta., is at an altitude about 3 times as 
high as Armstrong. What is the altitude of Jasper ?'°5°™ 


5. The surface of the Dead Sea in Palestine is 388 metres 
below sea level. How much higher is Calgary then the 
surface of the Dead Sea ? '43@m 


6. The Dead Sea at its deepest point is 393 metres deep. 
What is the difference in altitude between the bottom 
of the Dead Sea and Kamloops, B.C. ? !!3im 
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Using the Exercises 
Treat page 189 primarily as an 
exercise in reading a bar graph. 
Study the graph with the children. 
Observe with them that Sault Ste. 
Marie is shown at an altitude of 175 
metres and that this is equal to one of 
the spaces shown in the graph. 
Have the children make a table on 
their paper as directed in exercise 1. 
If necessary, help children complete 
their tables. They must count spaces 
in order to determine the altitudes 
_ of the various cities. For example, 
to find the altitude of Beaverlodge, 
the children must count up 4 spaces 
and multiply 4x 175. Encourage the 
children to check an almanac or en- 


cyclopedia to determine the altitude 
of their own, or a nearby city, and 
discuss geographic features which 
account for varying altitudes. 

Following this discussion, ask the 
children to complete the page. Note 
that exercise 5 is a challenging prob- 
lem because, in a sense, it involves a 
negative number. That is, the fact 
that the Dead Sea is 388 metres be- 
low sea level and that Kamloops is 
350 metres above sea level indicates 
that the children must add these to 
get the difference. 


Assignments (page 189) 
Minimum: 1-5, oral. Average: 1-5. 
Maximum: 1-6. 


Follow-up 
Encourage the children to make up 
problems of their own based on the 
bar graph on page 189. These may 
be addition and subtraction problems 
as well as multiplication problems. 
You might also suggest that they 
make a bar graph on their own or as 
a class project. A bar graph showing 
the height, in centimetres, of several 
children might be appropriate; or a 
graph showing the number of chil- 
dren with blue eyes, green eyes, 
brown eyes, gray eyes; or a graph 
developed from the birth dates of 
the children; and so on. 


Duplicator Masters, page 35 
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PAGES 190-191 
Objective 

Given a multiplication problem in 
which one factor is a 2-digit number 
and the other is a multiple of 10, the 
child will be able to find the product. 


Preparation 

An oral practice in multiplying 
single-digit numerals by multiples of 
10 would be an appropriate prepara- 
tion for this lesson. However, you 
might choose to begin immediately 
with the investigation. 


Investigation 

Read the investigation question with 
the children. Then let them inde- 
pendently study the examples in the 
text to answer the question. It would 
be helpful to write similar problems 
on the chalkboard both for those 
who finish quickly and as an expan- 
sion of this investigation. 


Vee 2. 7] Lan 82e2e. 782 
x4 xX 40 x7 xX 70 


—_—_—— 


Direct the children to ask themselves 
the same question for these exercises 
as that asked in the investigation. An 
investigation such as this should not 
require a great deal of time. 
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@ How is 30x45 like 3x45? 


Investigating the Ideas 


Jim thought he could 
find the first product. 
He wasn't sure of the 





second. 
30x45=(10x3) x45 
45 =10x (3 x45) 
Bae) =10x135 
135 = 1350 


See Investigation and Discussion. 








Can you find the first product and show on your 
paper how to use it to find the second product ? 





Discussing the Ideas 


1. Find each of these products. 
a 10 x 45450 c 20 x. 45900 
B 10 x 2 x 45900 p 10 x 3 x 451350 


E 30 x 45i350 
F 40 x 451800 


2.4 Explain step 1 in the diagram. 
s What principle is used for step 2 ?5rouping [4] a 0 
c Explain steps 3 and 4. 
p Solve: 43 x 20 = n8éo 


E Explain this statement: 


Since 43 x 2 = 86, we know that 43 x 20 = 860. 
Since 20=10x2,43x20 must be 10x(43x2) or 10x BG. 





3. Can you give an easy rule for TPS by the 2-digit 
multiples of ten: 10, 20, 30. 


Sample answer: Put a O in the Shae lace and multipl we 
‘ number of tens. Or multiply by the numboe 





Discussion 

One of the main purposes of this 
lesson is to teach children how to 
write the product of a 2-digit factor 
and a 2-digit multiple of 10 on their 
paper. 

Generally, the children have no 
trouble finding the product for such 
an exercise; rather, the difficulty is 
in becoming accustomed to the way 
they should write the product on their 
papers. For this reason, some chil- 
dren may have had difficulty with the 
investigation. Use these exercises to 
point out that the zero in the product 
is the result of multiplying by 10. 
Point out that, to derive the product 
30 X 45 from the product 3 x 45, 


190 tens and annex a 


one needs merely to observe that 
30 X 45 is 10 times as great as 
3 X 45. This inference comes from 
the ideas presented in exercise 2. 
Thus, when the children work an 
exercise such as 43 X 20, they think 
of multiplying first by 10 and then 
by 2. When this exercise is written 
in vertical notation, they need simply 
to write the 0 in the ones’ place and 
multiply by 2. Although children 
might find the product 43 x 20 by 
thinking 43 X 2 and multiplying that 
product by 10, they should learn and 
understand the method of writing 
this on paper so that they will be able 
to use the algorithm efficiently in the 
next lesson. 











1. Find the products. 


a Since 34 x 2 = 68, we know that 34 x 20 = n. eso 
B Since 17 x 3 = 51, weknowthat17 x 30 = n.5i0 
c Since 36 x 7 = 252, we know that 36 x 70 = n.2520 


2. Find the products. 


a 36 
“4 
144 


3. Study the example. Then find the products. 











36 B 53 53 c 78 78 pd 93 93 
x 40 x2 1*20 x3 x30 x5 x50 
1440 106 1060 234 2340 465 4650 
86 F 7/5 75 c 47 47 H 56 56 
x 40 x6 x60 x8 x80 x4 x40 
3440 450 4500 376 3760 224 2240 





Step1 Step2 Step3 
3 3 
47 47 47 
mp0 —» +50, —>"*'50 
0 50 2350 
Ask. >, fe Si 
x 20 x 30 x 40 
1260 Z250 3240 
BD Homeee 45 +r O54 
x 30 x 60 x 80 
2010 2700 4320 
aaron, 49 ©1 ~38 
x 20 x 60 x 50 
1520 2940 1900 
woeos, «x® 83. i. * 92 
x 90 x 40 x 50 
GO30 3320 4G00 


More practice, page A-18, Set 33 


Using the Exercises 

Page 191 presents a progression of 
exercises reflecting the development 
of the procedures on page 190. You 
might consider it necessary to discuss 
the example in exercise 3 before you 
assign these exercises as independent 
work. Be sure that the children 
understand that the reason for writ- 
ing the first zero as indicated in each 
example is that they multiply first by 
10 and then by 5. 

Following the completion of these 
exercises, allow time for checking 
papers and answering any questions 
the children may have. 

Since the paths shown in the Think 
problem are so close to the same 





Using the Ideas 








191 





length, expect children to count each 
and say something like this: “‘The 
solid path is 16 units and the dashed 
path is 14 units and 1 shortcut, so the 
dashed path must be shorter.” 


Assignments (page 191) 
Minimum: 1-3F. Average: 1-3. 
Maximum: 1-3. 


Duplicator Masters, page 36 
Workbook, page 56 
Skill Masters, page 36 
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PAGES 192-193 
Objective 

Given a multiplication problem with 
two 2-digit factors, the child will be 
able to find the product by using the 
multiplication algorithm. 


Preparation 

Since most children need frequent 
practice with the basic facts, you 
might want to use a warm-up activity 
such as a mental chain game like the 
following. 

“Start with 35... Divide by7... 
Multiply by 8... Divide by 20.. 
Your answer is ? ” (2) 

“Start with 16... Divide by2... 
Multiply by 30... Divide by 6. 
Your answer is ? ” (40) 

“Start with 64... Divide by 8... 
Multiply by 4... Subtract 2... 
Divide by 3... Your answer is ? ” 
(10) 

“Start with 81... Divide by9... 
Subtract 4... Multiply by 7... Add 
1... Divide by 4... Multiply by 9 
... Your answer is ? ” (81) 


Investigation 

You might have the children work 
in groups of two or three for this 
investigation so that they can share 
ideas on how to find 35 X 43. 
Explain that the products in the 
arrow should help them figure out 
the product in the square. Write 
similar sets of problems on the chalk- 
board for those who finish quickly. 
For example: 


1; 18) ee 75 
rae Pg x50 x53 
82 82 — 82 
ee x10 x19 


ee 
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Multiply first by 3. 
Step 1 


ae 


Il 
138 





192 





Discussion 
Have some children explain how they 
found the products in the investiga- 
tion. Then discuss the example in 
exercise 1. It would be helpful to 
write on the chalkboard the products 
and sum in the red screen. Be sure 
the children understand that they are 
to think about multiplying in parts, 
first by 3 and then by 20. Point out 
the first step, which shows 3 X 46; 
then the second, which shows 20 
46; and finally the third, which shows 
finding the sum of these two products. 
After discussing this example, have 
the children explain another, such as 
75 X 63. It may be beneficial to have 
them write the steps on the chalk- 


m5 X30 
——2i5 _, 1290 





2. Find this product and check 
your answer with your teacher. 


@ Let's explore two 2-digit factors. 


Investigating the Ideas 


Can you find each of these products ? 


See Investigation and Discussion. 





43 43 





43 





X35 
5 (505 =(215+1z90) 


Discussing the Ideas 


1. Explain each step in the example below 
and give the missing numbers. 


Then by 20 
Step 2 


a a 


iN 
1058 





ps 
-|wo ® 
Mon 


board as they explain the example. 
If necessary, select other problems 
from page 193 for similar explana- 
tions. You might add to exercise 2 
other products for children to try. 
Then check and discuss the answers. 
Stress how the multiplication-addi- 
tion principle is used in multiplying 
by parts and adding the partial 
products. 


Add the partial products 


Step 3 

46 

«Dies 

win 920 
I 
920 





Oe 


ve 


1. Find the products. 


Aeon. BLS oc U/l. .p., 32 oF 


ees ~12 Sea x 14 x 24 x 57 x75 
TOS ~ 646 T1704 448 “1560 BI92 2100 
H Ole a7e ree ooh luk 6 CUS406—CikC(<‘<‘i‘édK Sl ODN C87 
x78 x 36 x 26 x 96 x 48 x 93 x 61 
4758 1692 1430 3264 2304 3627 3477 
GO SSeeeeeoceeawets> re #4349 ~=~6s)hC 6U69C~C«édr«=«€U25bhUu C6 
S22 x 45 x 48 x 60 x 96 x 68 x 67 
2178 3060 mtZo 2940 6624 T1600 5092 
2. Find the products. 
a 357 357 a G72", 672 c 719 oa 119 
<S x 30 x4 x 40 x5 x 50 
O71 lomo 2688 pelo BBO 
3. Find the products. 
a 654 654 654 
x2 x 30 x32 
(308 19 G20 20 928 
B 467 467 467 
x5 x 20 x25 
2335 9340 11 G75 
c 721 VP HDs 721 
x3 x 40 x43 
Z21G3 28 B40 31 003 
p 264 264 264 
x4 x 40 x 44 
jO56 10 560 Gio 
4. Find the products. 
a 391 B 283 c 465 p 802 eE 643 F 839 
17 x 41 x 26 x 81 x 56 x 83 
4692 11 G03 {2090 64962 36008 69 637 
More practice, page A-19, Set 34 193 


Using the Exercises 
On page 193, select parts of exercise 
1 for the children to do independ- 
ently. Although exercises 2 and 3 
carefully lead the children into the 
use of the algorithm with a 3-digit 
factor, you might use parts of them 
as a basis for discussion. 
Solution, Think, page 193 

Some children should be able to 
solve the Think problem by applying 
their understanding of multiplication. 
If 111 111 111 is the product for the 
given multiplicand of 9, then 18 
times that multiplicand will be 2 
times that product, since 18 is 2 
times 9. 
12 345 679 X 18 = (12 345 679 X 9) 








Using the Ideas 


65: re. 56ecia as28 











x 2. Similarly, 12 345 679 X 27 = 
(12 345 679 X 9) X 3. 


Assignments (page 193) 
Minimum: 1. Average: 1-4. 
Maximum: 1-4. 





Follow-up 

Children might enjoy working on 
extensions of the Think problem, 
such as the following. 


12345679 12345679 
x 36 x 72 

74074074 24691358 
37037037 86419753 
444444444 888888888 


Let them discover on their own the 
relationship between the digit in the 
answer and the multiplier (which is a 
multiple of 9). Note also that ‘*8” 
is omitted from the other factor. 


Duplicator Masters, pages 37-38 
Workbook, pages 57-58 
Skill Masters, pages 37-38 
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PAGES 194-195 
Objective 

The child will demonstrate his 
ability to work with the concepts indi- 
cated for cumulative review. 


Preparation 

To prepare for this lesson, show a 
large rectangular grid. Ask the chil- 
dren what is meant by unit of area 
and how they might find the area of 
the rectangle in terms of the unit on 
the grid. Compare the method of 
counting each unit with that of using 
multiplication. Also, show a large box 
marked in units of volume as in the 
pictorial representation on page 195. 


194 
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Discussion 


According to the ability and needs 
of your class, conduct a discussion to 
help children realize how multiplica- 
tion can be used to find the area for 
each exercise. Since only one dimen- 
sion is given for each area, the chil- 
dren must discover how counting the 
number of rows and applying multi- 
plication will enable them to find the 
area. You might ask some children 
to attempt these’ exercises on their 
own, challenging them to write a 
multiplication equation for each 
exercise. Others will need more clear- 
cut guidance before they realize how 
multiplication is applicable in these 
exercises. 





Exercise 2, which develops the 
application of multiplication to vol- 
ume, should be treated similarly. 
Again, challenge some children with 
a question such as the following and 
direct them to try the exercises on 
their own: “Can you write a multi- 
plication equation to show how to 
find the volume in each exercise?” 

Help other children see the appli- 
cation of multiplication by leading 
a more carefully guided discussion. 
A few children may need actual 
manipulation with units of volume 
to build cubic objects. However, it is 
hoped that the pictorial representa- 
tion is sufficient for most children at 
this level. In exercises 2E and 2F, 





2. Give the volume for each exercise. 


A425 
<——-25 in 
each layer 
| layers 


<—16in 
each layer 


47 layers 











c 208s 
<—36 in < 49 in 
each each 
layer layer 
58 34 
win layers 
E 864 
a eeiave 4 in each row pe, Gin each row 
54 63 
layers layers 
68 92 
layers layers 
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children must find the number of 
cubic units in each layer and then 
find the volume. In exercises 2G and 
2H, children must count from the 
picture the number of units in a row 
and the number of rows in a layer 
before they can multiply to find the 
volume. 





Follow-up 

Many children may enjoy rearrang- 
ing the pieces of a cube puzzle like 
the Soma cube devised by Danish 
writer Piet Hein. The seven pieces of 
the puzzle can be made by gluing 27 
small cubes together, as shown in the 
illustrations. They can be put together 
in such a way as to make a 3-by-3-by-3 
cube. The figures in the second group 
show some of the other forms the 
children can make. Encourage them 
to invent shapes using all the pieces. 
The children may enjoy giving their 
constructions names. 





Resources for Active Learning 

Nuffield Project: Computation and 
Structure 3, “... Money, weights, 
and measures,” pp. 56-60, Wiley. 
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PAGES 196-197 
Objective 

Given picture and word problems 
which require any of the basic opera- 
tions (except long division), the child 
will be able to solve the problem by 
choosing and performing the correct 
operation. 
Preparation 
As a preparation for this lesson and 
as a review of the basic facts, you 
might give the children some oral 
If-Then problems similar to those on 
page 196; for example: 


If there are 54 pages in 9 folders, 
then how many pages are in 1 
folder? (6) 

If 1 wagon has 4 wheels, then 20 
wagons have how many wheels? 
(80) 

If 1 bus holds 40 children, then 7 
buses will hold how many chil- 
dren? (280) 
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Short Picture Problems 





Short Stories 


25 seats in each row. 
How many seats ? 800 


74 children. 38 girls. 
ca How many boys ? 3@ 


17 teams. 12 on each team. 
How many in all ?204 


uf Auditorium. 32 rows of seats. 











Driving. 72 kilometres each 


hour. 25 hours. How far ? 
: 1B00km 





ttt # 


wm 34 sacks of cement. 


<2) Weigh 40 kilograms each. 
What is the total weight ?'!360 Kg 


(B 468 girls. 397 boys. 
) 39 teachers. How many 
people in all 2904 
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Discussion 

One of the main purposes of this 
problem set is to provide children 
with practice in multiplication with 
two 2-digit numerals, although other 
operations are reviewed. The three 
If-Then problems would best be 
developed orally. Have children give 
stories for each picture problem, and 
then work the problem on the chalk- 
board. The short story problems 
review all of the operations; these 
might be assigned as independent 
work. However, it will be important 
to discuss the children’s solutions. 
Note that problem 8 deserves special 
discussion since it involves addition, 
subtraction, and division. 


=}/ 15 shelves. 
38 books on each shelf. 
How many books ? 57° 





Had 47 cents. 

Earned 15 cents. 

Spent 37 cents. 

Can buy how many 
5-cent candy bars now ?5 





Assignments (page 196) 

Minimum: 1-3, oral; even-numbered 
short stories. Average: 1-11. 
Maximum: 1-11. 


Solving Story Problems 





1. For some records, the turntable must be set to turn the record 
45 times each minute (45 revolutions per minute). If it takes 
3 minutes to play a “45 record,” how many times does it turn around ? ias 


2. Some records play best when they go around about 33 times 
each minute. These are called long-playing (L.P.) records. 


lf an L.P. takes 27 minutes to play, how many 


times does it go around ? 89) 


3. Jan played 12 records one Saturday. Each one lasted 
18 minutes. How long did Jan use her record player that day ?2!6 min 


4. Some older records turn 78 times each minute. 
How many turns would a 78 record” make in 5 minutes ? 390 


* 5. Betty played 6 records, and each one lasted 3 minutes. 
lf each was a ‘45 record,” how many times did the turntable 
go around while the records were playing ? 810 


More practice, page A-19, Set 35 


Using the Exercises 
Before assigning page 197, be sure 
the children understand the meaning 
of the word revolution as explained 
in problem 1. If you have a circular 
object in the classroom (a paper 
plate, for example), you can demon- 
strate a revolution; if you have a 
record player available, you could 
demonstrate the various speeds by 
setting the record player at 334, 45, 
or 78. Many of the children will be 
familiar with record players and 
their various speeds. 

When the children complete the 
exercises, allow time for checking 
papers and discussing solutions. 


TOY. 


Assignments (page 197) 


Minimum: 1-4, oral. Average: 1-4. 


Maximum: 1-5. 


Follow-up 

Various events, imaginary or other- 
wise, lend themselves to situations 
in which multiplication and division 
problems arise. For example, plan- 
ning a Valentine Day party might 
pose the following problems for 
more capable children. 


1. Miss Bartlett wants to buy some 
large manila envelopes for the 25 
children in her class to use in 
making valentine bags. The clerk 
says a gross (12 dozen) costs $3.95, 
or she can buy them for 3 cents 
each. Assume that Miss Bartlett 
can use any extra envelopes; 
which way should she buy them? 

2. Red construction paper costs 4¢ 
a sheet or three sheets for 10¢ 
What is the least Miss Bartlett 
could pay for 25 sheets of red 
paper? 

3. The children have volunteered to 
bring cupcakes for their party. If 
4 children bring a dozen cupcakes 
each, will there be enough for 
each of the 25 children and the 
teacher to have 2 cupcakes 
apiece? If not, how many more 
cupcakes will be needed? 


Other children might create less 
involved problems of their own. 


Workbook, page 59 
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PAGES 198-199 


Objective 

Given multiplication exercises with 
factors of 2 or 3 digits, the child will 
be able to find the product. 


Preparation 
To prepare for this lesson, give the 
children some mental chain games 
such as these: 

“Start with 85 ...Subtract4... 
Divide by 9... Multiply by3... 
Add 1... Divide by 4... Your 
answer is ? ” (7) 

“Start with 77... Subtract5... 
Divide by 8... Multiply by 4... 
Divide by 6... Your answer is ? ” 
(6) 

‘Start with 15... Divide by3... 
Add 3... Multiply by 3 .. . Divide 
by 4... Divide by 2... Your answer 
isoa? **(3) 

“Start with 6... Multiply by8... 
Subtract 3... Divide by 9... Add 
2... Multiply by4...Add2... 
Divide by 5... Your answer is ? ” 
(6) 

Investigation 

Read through the investigation ques- 
tion with the children, pointing out 
that they can use the work shown on 
the illustrated chalkboard in any way 
they wish, to obtain the product 
324 X 736 without multiplying. You 
may also need to caution them that 
they do not have to use all the prod- 
ucts that are shown; they are simply 
to choose those they can use to help 
them find the desired product. If 
any children have difficulty getting 
started, you might suggest that they 
think of how they have used the 
multiplication-addition principle in 
finding products in previous lessons; 
but let the children work on their 
own insofar as possible. 


198 





Step 1 


a: | 





Mit 
1542 
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Discussion 

When children have completed the 
investigation, let them discuss their 
answers; have volunteers show their 
solutions at the chalkboard. Most 
children will have found the product 
by adding the partial products 324 X 


6, 324 x 30, and 324x700. Of 
course, you should also recognize as 
correct an answer found by adding 
other suitable combinations such as 
(324 X 6), (324X5), (3245), 
(324 X 20), and (324 X 700); you 
might wish to point out, though, that 
such a combination, while correct, is 
more time consuming. 

One of the main purposes of exer- 
cise 3 is not only to help the children 


This chalkboard shows 
some products when 324 
is one of the factors. 


Can you find this product 
without doing any multiplying ? 
2 


ii 
30 840 


@ Let’s explore /arger products. 


Investigating the Ideas 


226800 







Discussing the Ideas 


2. Find as many of these products as you can. Then check 
your answers with your teacher. 


3. Explain the steps below. Give the missing numbers. 


Step 3 


a ey 


1 542 

30 840 

MM 
102 800 


Step 2 


x 1 E 


1 542 











See Investigation 
and Discussion. 


1. Explain how you used the products shown on the chalkboard 
to find 324 x 736. See Discussion. 


A 245 245 245 245 B 162 162 162 162 
x3" "<30. x 300 gex 353 x4 x40 x400 x444 
735 7350 75500 81585 648 6480 64800 71928 


Step 4 


514 


KK QIGS 


In 
135 (82 


understand what they are doing when 
they find products but also to help 
them learn a convenient way to write 
them. As you discuss exercise 3, ask 
such questions as: “In step 2, is 514 
being multiplied by 6 or by 60?” “In 
step 3, is 514 being multiplied by 2 
or by 20, or by 200?” It would also 
be helpful to write and discuss this 
equation in relation to step 4: 
263 X 514 = (200 X 514) + (60 X 
514) + @G X 514). 





Find the products. 


























Leo eee) 45). .3a. 327... 4. 619 
x 36 x 90 x5 <7 
1800 4320 1635 4333 
7. 824 8. 907 9. 762 10. 929 
x9 x 50 x 48 x 88 
7416 45350 36 576 8752 
13. 765 14. 807 15. 700 16. 930 
x 563 x 444 x 64 x 607 
430695 358308 448300 564 510 
mos 621 Deol ele 2S | 22. 
x 243 x 444 x 615 
150903 229 548 506 145 
eae, 605 25: 316 26. 824 27. 
x 333 x 634 x111 
201465 200 344 a1 464 
29598 56S .30. 397 431. #908 ~ 32. 
x 666 x 260 x 307 
378 288 103 220 278 756m 
34. 803 x 327 
262 58I 
35.9x7x4x6 
1512 
36. 6x7 x 8x 
i De RS at 3 x8 
38. 8x 8x 8 x x8 
39. 8x7~x 328 
40. 921 x x 3x ase 


41. 4 x 389 x 00 
Bree 82. F3 S12 


42. 


More practice, page A-20, Set 36 


Using the Exercises 

Since there is a considerable amount 
of work in this section, you may not 
wish to assign all the exercises. 
Certainly, some children would re- 
quire a great amount of time to work 
all the exercises, and the others would 
become bored by too much repetition 
of those things that they can do very 
well. Note that exercises 34 through 
42 may be completed in several ways. 
Some children may naturally work 
from left to right, but point out to 
them that they have a choice of 
approaches. 

Solution, Think, page 199 

Children may explain the Think 
problem with a statement like this: 








5. 823 26 695 
x9 x8 
74.07 5560 

11. 654 12. 802 
x 28 x 43 

IB BIZ 34486 

17. 920 18. 526 
x 307 x 710 
282440 9-373 460 
2643-23; %575 

x 222 x 314 
58 608 180 550 
967 28. 542 

x 121 x 596 
117 0O7 323 032 
967 33. 659 

x 384 x 555 


371 328 





Using the Ideas 











365 745 


V9 


“Even though Sara goes west and 
south a few blocks at a time, Susan 
and Sara should get to school at the 
same time since each goes the same 
distance west and south.” 


Assignments (page 199)* 
Minimum: 1-12. Average: 1-33. 
Maximum: 1-42. 





Follow-up 

To encourage children to check their 
work for accuracy, you might pre- 
pare a worksheet similar to the 
following. The appropriate correc- 
tions are shown in parentheses for 
your convenience, and should not be 
included on the worksheet. 

















Can you find the errors in each 
problem? Give the correct product 
for each exercise. 


1. 654 








289 51 

5856(5886) a136 
52320 1500(1800) 
130800 1536(1836) 
188976(189006) 





725 4. 29 





X316 x 64 
4350 “116 
7200(7250) 1741740) 
287500(217500) 290(1856) 
299050(229/00) 


Duplicator Masters, page 39 
Workbook, page 60 
Skill Masters, page 39 
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PAGES 200-201 
Objective 

Given word problems which require 
multiplication with 2- and 3-digit fac- 
tors, the child will be able to solve 
the problems by finding the products. 


Preparation 

If you use the first three exercises on 
page 200 as oral exercises, you might 
prefer to begin the lesson without 
preparatory activity. However, if you 
choose, give the children oral prac- 
tice with multiplying multiples of 10 
and 100. You might ask children for 
products such as the following: 30 X 
12, 400 X 5, 300 X 9, 4 XK 800, 40 x 
12, 40 X 25. For some of these, 
allow children to use paper and 
pencil if they wish. 
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Short Picture Problems 





Short Stories 


il 48 sacks. 


75 kilograms each. 12 eggs in a carton. =) 
How many kilograms ? 94 cartons. 
3600 How many eggs ? | 
11228 

72 players. 

8 on a team. 

How many teams ? 7 72 teams. 

8 on a team. 





72 on each team. 


8 teams. 


How many players ? 576 





640 sites in 1 campground. 
Park: 54 campgrounds. 
How many campsites ? 34 sco 
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Discussion 

The three If-Then exercises are in- 
tended as oral exercises. Have chil- 
dren give a story for each and show 


the multiplication on the chalkboard. . 


The short story problems may be 
assigned as independent work. How- 
ever, allow ample time for discussion 
when the children have finished. Note 
that exercises 3, 4, and 5 are different 
problems but involve the same two 
numbers. Use these to remind chil- 
dren of the correct understanding 
of multiplication and division. 

The starred exercises are intended 
as special challenges, but the entire 
class would benefit from an explana- 
tion of the solutions. 


How many players 2576 


24 hours in a day. 
365 daysinayear.  .5. eae 
How many minutes in a year ? 


* 8) 26 rows of seats. 


ey / 60 minutes in an hour. 







18 seats in a row. 
295 people. 
How many extra seats ? !73 


More practice, page A-20, Set 37 


Assignments (page 200) 

Minimum: 1-2, oral; short stories 
1-6. Average: 1-2, 1-6. Maximum: 
All. 


Solving Story Problems 






Follow-up 

Encourage children to use the data 
on page 201 to make up problems 
of their own. Others may do research 
on dimensions of another landmark, 
local or national, and create prob- 
lems from the data they collect. If 
practicable, you might have the 
children actually measure parts of a 
local statue or small landmark and 
let an extended class project evolve. 


Resources for Active Learning 

Math Activity Cards, D24, 28, 36, 
Macmillan. [Three multiplication 
problems] 


Duplicator Masters, page 40 





Workbook, page 61 


Niagara Falls is a group of waterfalls located partly in Canada and 
partly in the United States. The area is world famous for its beauty. 
Electricity is produced by great generating stations located there. 


The Falls is 50 metres high, and the river is nearly 1600 metres 
wide at the Falls. The Falls is about 25 OOO years old. It moves back 
approximately 120 centimetres every year because of falling rocks. 


1. How many centimetres is it from the base of the Falls to the top ? 


5000 
2. In January, 1931, nearly 70 OOO metric tons of rock fell to the 
bottom of the American side of the Falls. Another 185 OOO metric 


tons fell in July, 1954. What was the total number of tons that fell ? 
255 000 
3. The Falls were first described by Father Hennepin, a Franciscan 


missionary who saw them in 1678. How far have they moved 
back since then ? Answer will cepend on year solved 


4. How many metres has the Falls moved back since its beginning 
about 25 OOO years ago ?Abovt 30 000 metres or 30 kilometres 
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Using the Exercises 

Page 201 may serve as a basis for 
discussion, or you may assign the 
problems as independent work after 
the explanatory paragraphs have 
been read aloud. 


Assignments (page 201). 
Minimum: 1-5, oral. Average: 1-5. 
Maximum: 1-5. 
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PAGES 202-203 
Objective 

The child will demonstrate his 
ability to work with the concepts pre- 
sented in this chapter. 


Preparation 

Unless you prefer an oral review as 
a preparation, use the preparation 
time to create enthusiasm for the 
topic treated in the problems on page 
203. For example, discuss the time 
difference between the sight of light- 
ning and the sound of thunder, or 
ask the children if they have seen 
someone at a distance hit a golf ball 
before hearing the snap of the club 
striking the ball, or if they have been 
at a ball park and seen the batter 
strike the ball before hearing the 
sound of impact. You might lead 
this brief discussion into the opening 
paragraphs of page 203. 
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Find the products. 


1. 54 2. 26 
x4 x3 
26 T8 
6. 67 7. 361 
x8 x5 
536 1805 
11. 921 12. 3462 
x3 x5 
2763 I7 310 
16. 32 17. 67 
x 44 x28 
1408 B76 
21. 98 222-34], 
x 67 x 20 
6566 6940 
26. 821 27. 367 
x 95 x72 
77 995 26 4Z4 
31... 38a 32. 766 
x25 x 803 
600 B13 65 098 
33. 685 34. 864 
x 720 “271 
493 200 234 144 


3. 75 4. 82 
x5 x2 
375 164 
8. 278 9. 763 
x6 x4 
IG6SB 3052 
13. 5278 14. 6439 
«x3 x7 
15 634 45073 
18. 46 192.4338 
x 59 x 51 
2714 i938 
258 OG 24. 514 
x 36 x 48 
22248 24672 
28. 280 29. 546 
x 43 x 61 
IZ 040 33 306 


35. 72% 9)<38i504 

36. 9x 6x 7x 72646 
37. 2/ Xt2"9314 ie 256 
38. 218 x 2 x 13 5668 
39. 34 x 26 x 54420 
40. 26 x 538 x 1!3988 
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Discussion 

The exercises on page 202 may serve 
as an evaluation instrument. How- 
ever, it is not necessary that children 
do all of the exercises—not all at one 
time, certainly. Be selective in assign- 
ing these exercises; for example, if 
the children do two or three of the 
columns of exercises (such as exer- 
cises 13.6,.115°16,. 20526, 315, 33);ahey 
will demonstrate their ability to work 
with the algorithm for problems rep- 
resenting various degrees of difficulty. 
Plan to help any children who show 
a need for remedial work. If neces- 
sary, have a few children explain one 
or two of the more difficult problems 
to the rest of the class. 





5. 94 
ae | 
658 

10. 403 
x9 


15. 8432 
x6 
50592 
20. 60 
x75 
4500 
25. 396 
x 52 
20592 
30. 904 


x 55 
4AVTZO 





The Think problem provides an- 
other interesting number pattern. 
This one occurs because 8 is 2 less 
than 10. Thus, in finding multiples 
of 8, multiples of 2 are subtracted 
from multiples of 10. 





SPEED GF SGUIND 


Have you ever seen lightning before you 
heard its thunder ? We often see something 
happen before we hear it. This is because 
light travels much faster than sound. 





The speeds of supersonic aircraft are often given according to the 
speed of sound. A speed of Mach 1 is the speed of sound, Mach 2 
is two times the speed of sound, Mach 3 is three times the speed 
of sound, and so on. Mach is the name of the scientist who made 
some important discoveries about sound. 


k 
2. The X-15 rocket plane can fly at speeds 
greater than Mach 5. How fast is Mach 5 ?5935 Km/h 


j ? ? ? 
1. Howfastis a Magh 2 By: B Mach, 3 km’ Mach Ais km/n 


3. Some satellites travel at a speed that is about 23 times 
the speed of sound. How fast do they travel ?27 30! ken/h 


4. The earth travels in its orbit about the sun at a speed about 90 
times the speed of sound. How fast does it travel ?\06 830 km/n 


5. The planet Mercury has an orbital speed that is about 
146 times the speed of sound. How fast does Mercury 
travel in its orbit around the sun ? 173 302 km/n 


* 6. Light travels 1071 360 000 kilometres per hour. How many kilometres 
per hour faster is the speed of light than the speed of sound ?! 67! 358 813 
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Using the Exercises 

For page 203, continue an intro- 
ductory discussion as suggested in 
the preparation section. Point out 
that in the illustration the straight 
dotted line shows the boy’s line of 
sight and the curved dotted lines 
show sound waves. You may sug- 
gest that children work these prob- 
lems together, in groups of two or 
three. Or you may use these problems 
to evaluate the children’s ability to 
solve problems independently. In 
exercise 6, you may need to point 
out to the children that the speed of 
light given here is in kilometres per 
hour, whereas that given at the top 
of the page is in kilometres per 
second. 


Follow-up 

Encourage children to extend any 
interest they exhibit in a study of 
sound or of supersonic travel. They 
may also use the information given 
in the text to create problems of 
their own, such as other problems 
using the concepts of Mach 2, Mach 
5, and so on. 


Workbook, page 62 
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PAGES 204-205 
Objective 

The child will demonstrate his 
ability to work with the concepts indi- 
cated for cumulative review. 


Preparation 

To prepare for this lesson, use any 
oral drill which reviews the basic 
operations; for example, calling out 
various basic facts quickly, switching 
from one operation to another, stim- 
ulates children’s thinking. Reading 
the combinations from a prepared 
list will help you maintain a rapid 
pace. 
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1. Answer T (true) or F (false). 
a 3/74652>374 562 T c 921 354=912 354F 
B 483 007<483 010T pb 676 767>767 676F fF 543 210>543 120T 


2. Match these. 
a 6 less than 243 (Answer: d) 
B 243 divided by 6 ¢ 
c 243 more than 6 a 
p the product of 6 and 243 e 
— the difference of 243 and 6 4 


3. Find the sums and differences. 





A 364 B 614 c. 852 
287 301 361 
+521 +295 +725 
72 i210 1938 
F 7642 c 8603 nH 47625 
—385 —105 — 3468 
W257 8498 4157 


4. Find the products. 


(a) 6 + 243 
(b) 6 — 243 
(c) 243 +6 
(d) 243-6 
(e) 6 x 243 


dp 916 
743 


+120 
7119 


1 9003 
—27 
8976 


a Since6 x 9 = 54, we know that6 x 90 = n.540 
B Since 8 x 7 = 56, we know that 80 x 70 = n.Se00 
c Since9 x 8 = 72, we know that 900 x 8 = n.7200 


p 60 E 80 F 90 G 
x5 x7 x9 x 50 
300 560 BIO 
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Discussion 

Review any topics with which the 
children had previous difficulty. You 
may want to review the addition and 
subtraction algorithms before you 
assign the exercises. 

When the children have finished 
the exercises on page 204, allow time 
for checking papers and any discus- 
sion which may follow. Place par- 
ticular emphasis on the discussion 
concerning exercise 2. The translation 
of the words in the first part into 
mathematical symbols in the second 
part is an extremely important skill 
in solving word problems. Be sure 
children see the relationship between 
the equation pairs in exercise 4. 





3000 


H 80 
x70 
5600 





E 208 302<208 203F 


—e 650 
843 


+921 
2414 


s 8080 


— 808 
Ten ey 





1 90 
x 90 
Bi00 








The Great bakes 


Together the Great Lakes 
form the largest body of 
fresh water in the world. 


Lake Michigan is the only 
lake that is entirely within 
the United States. The other 
four are shared by the 
United States and Canada. 









. What is the area of Lake Erie 


and Lake Ontario together ? 
45 400 kn? 









00 
77 
331 59 600 
63 
241 





82 400 


. What is the area of Lake Superior, 
Lake Michigan, and Lake Huron 
together? 200 000 tnt 


. How much greater is the area of Lake Huron than that of Lake Erie ? 
33900 km 


w 
(ee) 
(oe) 


. What is the total area of all five lakes ? 
245 400 km2 


. How much deeper is Lake Superior than Lake Le ? 
m 


. The Nile River (world’s longest) is about 21 times as 
long as Lake Ontario. About how long is the Nile ? 6552 km 


. The average depth of the Pacific Ocean is about 15 times 
as deep as the greatest depth of Lake Michigan. What 
is the average depth of the Pacific ? 4155 m™ 


. The distance around the earth is about 129 times the length of 
Lake Ontario. About how far is it around the earth ? 40 242 km 
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Using the Exercises 

Use the material at the top of page 
205 as a basis for discussion. Then 
have the children work the problems 
independently. The terminology used 
in problem 7 may cause some diffi- 
culty. Note that it concerns the 
average depth of the Pacific Ocean 
as compared to the greatest depth of 
Lake Michigan. (All these depths are 
approximations.) You might best 
explain the difference between aver- 
age and greatest by pointing out that 
if the Pacific Ocean were the same 
depth all over, which it is not, then 
the average depth would be about the 
same as the answer to this problem. 
Demonstrate this for the children by 


placing sand in a box and mounding 
it into hills and gullies. Ask the chil- 
dren to imagine that this is the ocean 
floor. Point out that they can see that 
some parts of the floor are lower than 
others and therefore the ocean’s depth 
would be greater in those places. 
Explain that for “average depth” 
they are to imagine that the highs 
and lows have been evened out. 
Demonstrate this idea by smoothing 
the sand to a level surface. Point out 
that some parts on the ocean floor 
are lower than others, so some places 
are deeper and some places are not 
as deep as the average. 


Follow-up 

Suggest that the children make up 
number games, riddles, or puzzles 
which can be solved by manipulat- 
ing patterns or applying the algo- 
rithms they have learned. Here are 
a few to get them started. (Answers 
are in brackets.) 


hiMow much- iss 5 5 C5 x 5.x 5 
x 5 X 0? [0] 

2. Can you change one sign in this 
combination of figures to make them 
produce a value of 100? 
1+2+3+44+5+4+64+7+8+4+9 
= 45 
Hint: Be sure to enclose in paren- 
theses the numerals on both sides of 
the sign you change. 
he Jets 4 Det Ot 7 
(8 X 9) = 100] 

3. A little girl asked her neighbor how 
many cats she had. The neighbor 
replied, ‘Well, they just jumped up 
on the fence and I saw a cat in front 
of two cats, a cat behind two cats, 
and a cat between two cats.” 

How many cats did the neighbor 
have? [3] 
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CHAPTER 9 | Geometry 


Pages 206-219 


General Objectives 
To introduce the cone and cylinder 
To introduce the circle, radius, and 
diameter 
To provide experience in drawing 
circles with a compass 
To introduce the concept of a line 
tangent to a circle 
To introduce congruent figures 
One of the main concepts of this 
chapter, the circle, is introduced 
through physical experiences with 
cones and cylinders. Children con- 
struct a cone and cylinder and thereby 
actually manipulate a circle before 
studying a circle drawn on paper. 
Different methods of drawing a circle 
are explored, and the terms radius 
and diameter are explained. The 
study of the circle is extended in a 
lesson which treats tangents to a 
circle and inscribed circles. Finally, 
the concept of congruent figures is 
introduced and studied in relation to 
symmetric figures. 


Mathematics 

In the study of geometry, our point 
of view is that there are two kinds 
of geometry: physical geometry and 
mathematical geometry. Physical 
geometry is the geometry of the 
drawing board or of the physical 
world. Mathematical geometry is an 
abstract mathematical system that 
unfolds from a set of undefined ob- 
jects and assumptions about these 
objects. Physical geometry provides 
an excellent model and a motivation 
for the development of mathematical 
geometry. While, in theory, we could 
completely separate mathematical 
geometry from any dependence upon 
the physical world, such a develop- 
ment would hardly be practical in 
an early study of geometry. 

The geometry lessons in this series 
primarily present the geometry of 
the physical world. Thus, the black 
outline shown on the paper can be 
called a circle or square. When the 
child gains maturity, he will learn 
that the black mark is a picture or 
model of an idea existing in our 
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minds. Such abstractions need not be 
presented in this early study of 
geometry. 

In keeping with the concept of 
getting ideas of geometry from the 
physical world, the introductory 
lesson of the chapter deals with 
models of familiar space figures such 
as cylinders, cones, and spheres. By 
considering appropriate cross sec- 
tions of these space figures, one gets 
plane figures which are circles. Tan- 
gents to circles, circles inscribed in 
triangles, and circles circumscribed 
about triangles are explored by means 
of paper-folding activities. 

Some introductory ideas of con- 
gruent figures and symmetry also 
appear in this chapter. Congruent 
figures are often described as figures 
which have the same size and shape. 
To check whether two polygons are 
congruent, a student may use the 
method of superposition, that is, 
placing a model of one polygon on 
top of another to see if all their points 
coincide. But since geometry is con- 
cerned with abstract ideas, one can- 
not really “pick up” two polygons 
to see if they are congruent, hence a 
mathematical definition of congru- 
ence is necessary. In the case of 
triangles this definition is fairly 
simple and is given below. 


B 


~ 
eS 


Triangle ABC is congruent to triangle 
DEF if ZA ZD, ZB& ZE, and 
4C& ZF, and if ABS DE, BC 
EF, and AC& DF. 

We write AABC = ADEF. 


Teaching the Chapter 

Materials 

Backing material, such as a square 
of cardboard, to protect desk tops 
from compass-tip holes 

Centimetre rulers 

Compass — 

Cylinders (coffee cans, bean cans, 
etc.) 

Heavy paper 

Models of cones and cylinders 

Paper cups or glasses, or other 
models of circles 

Paper for folding 

Paper for tracing and construction 

Paste 

A rectangular sheet of paper for 
each child 


Scissors 

Vocabulary 

centre point inscribed 

circle inscribed circle 
compass length of radius 
cone quadrilateral 
congruent radius 

cylinder simple closed curve 
diameter tangent 


Since much of this chapter deals 
with construction of geometric 
shapes and figures, there is not much 
need for demonstrations by the 
teacher. However, displaying com- 
mercial or well-made geometric 
models would help to crystallize 
the children’s concepts of the shapes 
they themselves construct and would 
encourage them to use care in their 
constructions. Give poorly co-ordi- 
nated children help when necessary. 
Lesson Schedule 

Allow one to one-and-a-half weeks 
for this chapter. The concepts are 
not difficult enough to warrant more 
time. The activities are to be enjoyed, 
and if the children want to continue 
them, you might use some of the 
suggested materials as supplementary 
activities for those who show par- 
ticular interest. 

Evaluation of Progress 

In evaluating children’s progress 
throughout this chapter, keep in 
mind that understanding the mathe- 


matical concepts is more important 
than making neatly constructed geo- 
metric figures. You will be able to 
judge fairly well which children grasp 
the concepts correctly by their reac- 
tions to your questions during the 
activities and in the discussions. 


Resources for Active Learning 

GENERAL ACTIVITIES 

Activities in Geometry for Primary 
Pupils, Activities 7, 9, 10, 18, 27, 
36, 37, 48, Addison-Wesley. 

Developmental Math Cards, G°11, 
Addison-Wesley 


Geometry in the Classroom: New 
Concepts and Methods, pp. 37, 
61-62, 123-126, Holt, Rinehart 
and Winston. 

Math Activity Cards, “‘Whirls,”’ C18, 
Macmillan 

Nuffield Project: Problems—Green 
Set, No. 51, Wiley 


MANIPULATIVE DEVICES 

Caliper (Edmund Scientific; Selec- 
tive Educational Equipment) 

Geo Blocks (Webster, McGraw-Hill; 
Selective Educational Equipment) 


Geoboards (Addison-Wesley) 

Geometric Figures and Solids (LaPine 
Scientific; school supplier) 

Mirror Cards—a study in symmetry 
(Selective Educational Equipment; 
Webster, McGraw-Hill) 

Pattern Blocks (Webster, McGraw- 
Hill) 

Spirograph (Cuisenaire Co.) 


COMMERCIAL GAMES 

Beeline (Selective Educational Equip- 
ment) 

Psyche-Paths (Cuisenaire Co.) 
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PAGES 206-207 
Objective 

Given cylindrical or conical objects, 
the child will be able to classify them 
as cylindrical or conical. 


Preparation 

Materials 

paper for tracing and construction; 
rectangular sheets of paper (1 per 
child) 

or, duplicated patterns of cylinder 
and cone (Duplicator Masters, 

pages 71-72) 

To prepare for this lesson, you 
might display shapes with which the 
children are familiar, such as rec- 
tangles, squares, parallelograms, and 
circles, and ask the children to name 
them. After you have briefly reviewed 
these shapes, ask the children if they 
can think of objects which have 
shapes different from any of these. 
Explain that in this lesson they will 
investigate a few such different 
shapes. 


Investigation 
Aside from the experience of making 
the cylindrical and conical shapes, 
the important element of this investi- 
gation is the children’s manipulation 
of these shapes. After working with 
these shapes in the form of three- 
dimensional models, the child will 
more readily interpret the pictorial 
representation of these objects. 
While working with the paper, 
some children may make a “trun- 
cated cone.” That is, the cone may 
not come to a point but look as if 
the pointed tip has been cut off. You 
might also have children observe 
what happens if they cut off a portion 
of the cone at the wide end to “make 
it even.” By cutting through the cone 
in this manner, they will form a circle. 
It is important that you use oppor- 
tunities such as those that should 
arise from this investigation to em- 
phasize various geometric concepts. 


<= Cut here 
to forma Cut here 
circle. to forma 
< truncated 
cone. 
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Geometry 
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Discussion 

One of the main topics treated in this 
chapter is the circle. In this lesson 
children investigate three-dimen- 
sional shapes which, if cut properly, 
produce this familiar plane figure, 


the circle. This concept is treated in 


discussion exercise 1. In exercises 2 
and 3, discuss the differences between 
a cone and a cylinder. Use part of 
the discussion to have children name 
things that are cone-shaped or cylin- 
drical. If you brought out the idea of 
a truncated cone in the investigation, 
children might use this term to 
identify a wastebasket. Examples of 
many different kinds of cylinders can 
be found in ordinary tin cans, sardine 


Discussing the Ideas 


We think of the cone and 
cylinder as having flat 
“lids” (shown in color). 


1. What is the shape of each 
of the lids ? Circular 


@ Let’s explore cylinders and cones. 


Investigating the Ideas 





Can you roll a sheet of paper into shapes like these ? 
See Investigation. 








Cone 


2. How many lids does it take 
to close the cone ? | 


3. How many lids does it take to close the cylinder ? 2 


and herring cans, luncheon meat 
cans, and canned ham tins. How- 
ever, you might choose right circular 
cylinders as your basic examples. 
Paper drinking cones and ice cream 
cones are examples of cones. You 
can squeeze a paper cone to show 
cone models with oval and irregular 
bases. A number of oddly shaped 
cans such as those in which some 
corned beef and plum puddings are 
packaged are examples of conic 
sections. 


Cylinder 


Mathematics 
Most cylinders which children see are 
circular cylinders, that is, the base 
of the cylinder is a circle. However, 
the base may be any simple closed 
closed curve. 


Using the Ideas 


To make your own cylinder and cone, 
trace and cut out these patterns. 
See Using the Exercises. 





Using the Exercises 

The patterns on page 207 give chil- 
dren an opportunity to make a cone 
and a cylinder according to fixed 
dimensions. Stress the importance of 
tracing and cutting very carefully on 
the line, for a small error in tracing 
or cutting will be magnified in con- 
struction. In the pattern of the cone, 
the radius of the semicircle must be 
exactly twice the radius of the circle. 
In the pattern of the cylinder, the 
length of the rectangle must be z 
(34) times the diameter of the circle. 
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Assignments (page 207) 
Minimum: All. Average: All. 
Maximum: All. 











If the lateral surface is perpendicular 
to the base the cylinder is a right 
cylinder. The common tin can is a 
model of a right circular cylinder. 
Cones are classified in much the 
same way as cylinders. 


Follow-up 

You may wish to furnish less co- 
ordinated children with duplicated 
patterns for making cylindrical and 
conic constructions. The dimensions 
given in the following illustration are 
suitable for a pattern drawn on A4 
(210x297 mm) paper. 








If you have sturdy models of cones 
and cylinders, suggest that the chil- 
dren study and compare various 
properties of each. For example, they 
might roll a cone along a large piece 
of paper on the floor, tracing the 
path of the tip with one color pencil 
and the path of the base with another. 
After rolling several cones, and the 
same cone several times, they should 
decide whether a cone rolls according 
to a particular pattern. You might 
use this activity to lead into the lesson 
on circles, which follows. 

Resources for Active Learning 
Activities in Geometry, Activity 18, 

Addison-Wesley. 

Developmental Math Cards, G*18, 

H%3, Addison-Wesley. 

Freedom to Learn, Question 7 (mak- 
ing cones), p. 98, Addison-Wesley. 
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PAGES 208-209 
Objective 

Given a circle and its centre, the 
child will show his understanding of 
the terms circle, radius, and diameter 
by identifying them on the figure. 


Preparation 
Materials 
heavy paper; ruler; scissors 

To prepare for this lesson, make 
sure the children remember what a 
simple closed curve is. You might 
draw figures such as the following on 
the chalkboard. 


Q Curves ‘ : 


(Closed but (Simple 

not simple) closed curve) 
(Simple (Not simple, 

closed curve) not closed) 


Ask the children which of these are 
simple closed curves. Keep this re- 
view brief and begin the investigation 
as quickly as possible. 


Investigation 
If the children line up a corner of 
their heavy paper with the left cor- 
ner of the point finder, they can 
easily mark guidelines for cutting. 
However, stress that they are to 
make the length 8 centimetres. The 
measurement in the text is not exact. 
If you choose, you might pass out 
previously prepared strips of heavy 
paper (10 cm by 2 cm) which the 
children could easily make into the 
point finder. Give as much guidance 
as necessary in order for the children 
to make the point finder correctly. 
When the children begin to use the 
point finder according to the direc- 
tions in the text, emphasize that one 
end of the point finder must remain 
in position with the red dot; it is 
only the other end of the point finder 
which should move. If a child starts 
to poke holes in his point finder and 
draw the circle as he would with a 
compass, do not prohibit this. How- 
ever, do not encourage this practice, 
because it obscures the idea of find- 
ing a large set of points for the circle. 
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dots all the way 
around a red dot. 


cl 
See 
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Discussion 

In this lesson, the child not only 
identifies a circle as a simple closed 
curve, but also reviews the meaning 
of radius and diameter. Discuss the 
simple closed curve drawn in the 
investigation. Help children see that 
the circle is drawn more easily when 
many dots have been drawn than 
when only a few dots have been 
drawn. 

As you discuss exercises | and 2, 
point out that the centre is not part 
of the circle but is important in de- 
fining a circle and its radius and 
diameter. Speak of the radius as any 
segment from the centre point to a 
point on the circle. Speak of the 


Cut a “Point Finder” 
out of heavy paper. 


Use your Point Finder 
to mark many black 


Can you connect the black dots so that you have a simple 


osed curve that 
vestia 


Discussing the Ideas 


1. In the Investigation you 
drew a circle with a radius 
of 8 centimetres. The red dot 
is the centre of the circle. 
What would the radius have 
been for a 10-centimetre Point Finder ? \o ew 


2. Your circle has a diameter of 
16 centimetres. What would the 
diameter have been for a 10-centimetre 
Point Finder ? 20cm 


@ Let's explore circles. . 


ies 8 com NURS ae sa 


Investigating the Ideas 
















is always 8 centimetres from the red dot ? 





8 centimetres 








16 centimetres 







diameter 


diameter as a line segment that passes 
through the centre point of the circle 
and has its endpoints on the circle. 
During this discussion of circle, it — 

would be helpful to develop infor- 
mally the concepts of the interior 
and the exterior of a circle. For exam- 
ple, display a circle and speak of 
some points inside the circle and 
some points outside the circle. Help 
the children realize that any single 
point must be inside the circle, on 
the circle, or outside the circle. Such 
a discussion should help children 
become aware that we think of the 
circle as the black outline only, which 
is quite distinct from the interior and 
the exterior of the circle. 


¥, 


2. Trace and cut out this circle. 
See if you can find the centre 
by folding. Find the radius 


and the diameter. 
Radius 2% cm, Diameter Sem 





If you could cut the pyramid 
and mark your paper like this, you would get this. 





Cone Cylinder 


Using the Exercises 

Have the children work the exercises 
on page 209 independently before 
discussing them. When the children 
finish, if feasible, have them cut 
models and actually place a piece of 
paper between the sections and trace 
the outline around the model, to 
prove to themselves whether their 
drawings for exercise 1 are correct. 









Using the Ideas 


Solutions, Think, page 209 


a 


Fe 
cele 


i 


Assignments (page 209) 
Minimum: 1-2. Average: 1-2. 
Maximum: 1-2. 





Mathematics 
The following are mathematical def- 
initions for the circle, the radius, the 
diameter, the interior of the circle, 
and the exterior of the circle. 
A circle with centre O and radius r 
is the set of all points A in a plane 
such that length OA is equal to r. 


A 


The following two definitions of 
radius demonstrate how this term is 
used from different viewpoints. 

A radius is (1) any line segment 

from the centre point to a point 

on the circle; (2) the distance from 
the centre point to any point on 
the circle. 

Notice that from one viewpoint 
the radius is a geometric abstraction 
(segment) and from another it is a 
number as used in the formula for 
circumference, 2zr. 

A diameter, d, is a chord that 
passes through the centre point of 
the circle. A chord is a line segment 
that has its endpoints on a given 
circle. (Sometimes the diameter is 
also referred to as the length of 
this chord. ) 


bc 
The interior of the circle is the set 
of all points B such that length OB 
is less than r. 
The exterior of the circle is the set 
of all points C such that length 
OC is greater than r. 
Resources for Active Learning 
Activities in Geometry, Activities 
7, 9, 10, 27, 48, Addison-Wesley. 
Franklin Series: Pencil and Paper 
Geometry, “Circles,” pp. 11-14, 
Lyons and Carnahan. (Available 
from McGraw-Hill Ryerson) 
Freedom to Learn, ‘‘Measuring 
Round Things,” pp. 127-128, 
Addison-Wesley. 
Geometry in the Classroom, pp. 
61-62, Holt, Rinehart and Winston. 
Math Activity Cards, “‘Circles,’’ C7, 
Macmillan. 


Workbook, page 63 
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PAGES 210-211 
Objective 

Given appropriate materials, the 
child will be able to draw a circle, 
using one of three different methods. 


Preparation 
Materials 
compass (1 per child); paper clips; 
circular objects or models of a 
circle 
Since this lesson deals mainly with 
the construction of circles, it would 
be appropriate to begin immediately 
with the investigation. 


Investigation 

Most children will be able to in- 
terpret from the illustrations the 
three methods suggested for drawing 
a circle. However, many will need 
guidance in the proper use of the 
compass. If possible, demonstrate 
with a large chalkboard compass how 
the compass may be turned by a 
dual motion: while the fingers turn 
the tip as the arrow indicates, the 
wrist moves in a circular motion, all 
of which is done by one hand while 
the second hand simply holds the 
paper. Once this technique is dis- 
covered, the compass ceases to be as 
awkward as some children at first 
find it to be. 

Encourage children to try to think 
of other objects in the classroom 
which they could use to draw a 
circle. Also suggest that they try any 
other method they think they would 
be able to use to draw a circle. 


210 








A compass 


Sample answer: 


210 


Discussion 

If you have the children work in 
groups, you might pose the discus- 
sion questions to them as they work. 
Exercise 1, which relates to the use 
of around object, stresses the concept 


that the centre point of a circle is 


not a part of the circle. Exercise 3 
emphasizes that the centre of the 
circle must be found before the 
length of the radius or diameter can 
be measured. 

Encourage discussion of any meth- 
ods for drawing circles that children 
suggest. Let the class decide if the 
results of such methods are indeed 
circles, and if the methods are 
convenient. 


Investigating the Ideas 


Discussing the Ideas 


1. Which method above does 
not find the centre of 
the circle ? Using a round object 


@ How can you draw circles? 


Can you draw a circle by using each of these methods ? 
See Investigation. 
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Two pencils and 
a paper clip 


A round object 





2. How is the paper-clip method 


like using your Point Finder ? 
Answers will vary. 


3. Use your compass or a paper 
clip to draw a circle. Explain 
how to find the radius and the 


diameter in centimetres. 
Measure from the centre 


int to a point 
on the circle to Find radius; measure the 


as ent which passes through 
the centre nt ad ose endpoint: 
See teer ie ind dorcel 


* 3. 


. A Draw acircle by 


. Mark a dot on your paper. 


using a round object. 


Bs Cut out the circle. 
Constructions will vary. 


c Can you find the 
centre of the circle 


by folding your cutout ? Yes 


(Centre will be the point of ne 
any tw 
lines that divide the wate 


into halves.) 


a Draw one circle so that 
the dot is the centre. 

s Draw another circle so 
that the dot is on the 


circle. 
See Using the Exercises. 


Mark 2 points on your paper. Draw a circle 


through your 2 points by using this method. 


Put the compass Fold carefully. 


through both points. 





The centre of any circle through these two points is on the fold. 


Using the Exercises 
You might treat the exercises on page 
211 as extensions of the investiga- 
tion, or simply as_ construction 
activities. Point out that the illustra- 
tions are provided to help them follow 
the directions for exercise 1. For 
exercise 2, some children will discover 
that the centre of the inscribed circle 
may be found by drawing both 
diagonals of the square and then 
marking their point of intersection. 
Suggestions for other activities are 
given in the follow-up section. 








Follow-up 

Encourage children to try some of 

these activities: 

1. Use your compass and draw 3 circles 
which have the same centre but radii 
of different length. 

2. A. Mark a point on your paper. 
Use your compass to draw a circle 
with this point as the centre. 

B. Now draw 6 circles through this 
point. Do this by putting the tip 
of your compass at different 
places on the circle. 

C. Are all the circles the same size? 
(Yes) 


Using the Ideas 





. Mark a point on your paper. Use 
your compass to draw a circle 
with this point as the centre. 

B. Again draw 6 circles through this 

point. Draw the first of these 6 

by putting the tip of your compass 

at any point on the original circle. 

For the other circles, put the 

tip of your compass at the point 

where the previously drawn circles 
meet. 


\z—Fold 
\ 


\ 
\ 


epaonnes 


ZA 





C. Color a pattern that you see. 
Try to make other patterns with 
circles. 


Resources for Active Learning 

Activities in Geometry, Activity 27, 
Addison-Wesley. 

Geometry in the Classroom, pp. 123- 


Assignments (page 211) 126, Holt, Rinehart and Winston. 


Minimum: 1-2. Average: 1-2. 
Maximum: 1-3. 
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PAGES 212-213 
Objective 

Given suitable materials, the child 
will be able to construct a line that is 
tangent to a circle and inscribe a 
circle in a triangle. 


Preparation 
Materials 
compass; paper suitable for folding 
The only preparation essential to 
this investigation is a review of the 
term right angle. However, the illus- 
tration in the text is clear enough 
to enable most children to construct 
the folded lines without further 
guidance. For this reason, you might 
choose to begin immediately with the 
investigation. 


Investigation 

You may choose to guide the chil- 
dren in folding their papers. How- 
ever, it is intended that they work 
on the investigation question inde- 
pendently. If necessary, help children 
interpret the word “‘touches”’; explain 
that a circle “touches”’ a line if there 
is a point that is on both the line 
and the circle. Do not be overly 
concerned with any errors the chil- 
dren make; it is often in making and 
correcting mistakes that much of 
learning takes place. 


212 
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Discussion 

Have several children show the 
circle they drew in the investigation, 
so that all will recognize the correct 
position even if they did not draw it 
themselves. Use the diagram and 


explanation in the text to present the 


meaning of the word tangent. Note 
that, in order to be tangent to a circle, 
a line must touch the circle in one 
and only one point. As you discuss 
exercise 1, children will find that 
circles in four different positions 
satisfy the requirements. In response 
to the second question, children 
might mention a basketball on a gym 
floor, a ball on top of a flagpole, an 
orange on a plate, etc. 


Can you draw a circle that 
crosses one of the creases 
twice and touches the other 


at only one place ? 
See Investigation. 








1. Which crease is tangent 
to the circle you drew 


in the Investigation ? 
see Discussion. 


2. What are some things in the world around 
you that suggest the idea ofa 
e 


@ When is a line tangent to a circle? 


Investigating the Ideas 


Follow the steps below to show 
lines that cross at right angles. 





Make sure these two 
edges are together. 





Discussing the Ideas 





Tangent 


tangent ? 
Discussion. 


1. 


* 2. 


A circle is inscribed in a triangle 
if each side of the triangle 
is tangent to the circle. 


You can find the circle inscribed 
in a triangle in the following way. 


See Using the Exercises. 
a Draw and cut outa large triangle. 


The sides of your triangle should 
be at least 12 centimetres long. 





B Fold one corner of your triangle 
as shown in the figure. 


c Now fold each of the other 
2 corners as you did the first. 
If you did your work carefully, 
your triangle should look 
something like this. 
(The three creases should 
pass through one point.) 


p Paste your triangle on another 
sheet of paper. Then use your 
tablet and mark the point right 
below the point where 
the folds intersect. 





—e Decide where to place your 


inscribed in the triangle. 


Draw a square. Figure out a way 
to draw the circle that 


is inscribed in the square. See Using the Exercises. 


Using the Exercises 





y | 


& Crease carefully. 


cao 


Make these edges 


compass, and draw the circle 


fit upon each other. 


Many children may need your guid- 
ance in following the directions for 
exercise 1 on page 213. Study with 
the children the explanation and 
diagram of the inscribed circle. If 
you have the children work the rest 
of the page independently, give help 
where needed. The sides of the tri- 
angle need not have the same length; 
each side should be at least 12 centi- 
metres simply for purposes of manip- 
ulation. Make sure the children fold 
the triangle properly; they are not 
to fold the angles corner to corner 
but rather to fold the sides edge to 
edge. The radius of their inscribed 
circle should be the distance from 


Using the Ideas 





fit together. 





Be sure these edges 
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the point where the folds intersect 
to the point they marked using the 
tablet (part D). 

If time permits, encourage all the 
children to try the starred exercise. 
You might hint to some that they 
begin by searching for the centre of 
the square, for example, by folding 
the square into fourths. 


Assignments (page 213)* 
Minimum: 1. Average: 1. 
Maximum: 1-2. 


Mathematics 
A tangent to a circle is a line which 
has exactly one point in common 
with the circle. There are several 
interesting mathematical relation- 
ships concerning tangents. For ex- 
ample, a line that contains both the 
centre and the point of tangency is 
at right angles to or is perpendicular 
to the tangent. The converse is also 
true: A line that is perpendicular to 
a tangent at the point of tangency 
passes through the centre of the 
circle. 

The basic mathematical theorems 
for this lesson follow. 


A tangent to a circle has exactly 
one point in common with the 
circle. 


The bisectors of the three angles of 
a triangle intersect in one point, 
and this point is the centre of the 
inscribed circle of the triangle. 


The diagonals of a square inter- 
sect in a point that 1s the centre of 
the inscribed circle of the square. 

Follow-up 
Some children may enjoy making 
task cards by constructing a circle, 
drawing a quadrilateral around the 
circle, and transferring that quadri- 
lateral to another card or erasing the 
circle. Another child may then be 
challenged to find the inscribed circle 
of that quadrilateral. 

You might also suggest that chil- 
dren work with circles circumscribed 
about a triangle. A circumscribed 
circle may be found by folding the 
corners of a triangle one upon 
another two at a time. Such a fold- 
ing will form creases along the per- 
pendicular bisectors of the sides of 
the triangle. Their point of intersec- 
tion is the centre of the circum- 
scribed circle. 

Resources for Active Learning 

Franklin Series: Learn to Fold..., 
“Some Same Shapes and Sizes,” 
pp. 31-42, Lyons and Carnahan. 
(Available from McGraw-Hill 
Ryerson) 

Franklin Series: Mirror Magic, 
“Congruence,” pp. 34-44, Lyons 
and Carnahan. (Available from 
McGraw-Hill Ryerson) 

Mathematics in Modules, 
Addison-Wesley. 


SK7, 
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PAGES 214-215 
Objective 

Given sets of geometric figures, 
some of which are congruent, the child 
will be able to identify the congruent 
figures. 
Preparation 
Materials 
SCISSOrs 

To create enthusiasm for this 
lesson, display and discuss a few 
optical illusions, such as those below. 


Which line segment is longer? 


> 
KK 


Which inside circle is larger? 


ae 


a2 te 


Is this hat higher than it is wide? 


These illusions, or others, should 
help children realize that we cannot 
always determine the comparative 
sizes of things simply by observation. 
Explain that in this lesson they will 
investigate ways of finding out about 
figures that may look alike. 


Investigation 

To meet the requirements of this 
investigation, many children will 
choose the obvious procedure of 
tracing the triangle in the text and 
cutting it out. However, it is hoped 
that some children will be motivated 
to search for less obvious, more 
creative ways to find a triangle which 
would “fit exactly” on top of the one 
in the text. For example, some may 
measure the sides and try to draw a 
triangle with sides of the same 
lengths. This is often a difficult task, 
but not impossible. Others may 
figure out a device for measuring the 
angles and try to draw the matching 
triangle by using the same angle 
measures. Do not suggest these 
methods yourself; allow children the 
opportunity to share their own ideas. 
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Draw a triangle 
on your paper. 





are congruent. 


214 





Discussion 

Explain the meaning of the term 
congruent, and use the triangles 
studied in the investigation as exam- 
ples. Exercise 1 gives children a 
chance to try out any method they or 
their classmates might have dis- 
covered in the investigation. Al- 
though measurement of the sides 
may show the sides to be of equal 
length, some children may not be 
convinced that this fact means the 
triangles are congruent. Have any 
such children trace the triangles and 
place one on top of the other. 
Remind them that congruent figures 
may look different because they may 
be not only turned from the first 


Can you draw and cut out another triangle that 
will ‘fit exactly’ on top of the first one ? 





1. Explain how you might check 
to see if these two triangles 


See Discussion. 


2. Suppose you use these 
strips to draw two 
different triangles. 
Would the triangles 
be congruent ? Yes 


@ When are two figures congruent? 


Investigating the Ideas 





Discussing the Ideas 








position but also “flipped” from the 
first position. Have different sets of 
congruent triangles cut from card- 
board for the children to manipulate. 

Exercise 2 demonstrates the math- 
ematical theorem that, if all sides of 
a triangle correspond equally in 
length to the sides of another tri- 
angle, the triangles are congruent. 
Some children may want to work 
with several sets of strips before 
accepting this. 


see 
Investigation. 


AY 





1. Tell “just by looking” which pairs of figures are not congruent. 


B Not congruent 


Not = 
: i 
ro pee Teer 


2. Use tracing to tell which two 





triangles are congruent. _ Whi 
Aand C are congruent 





Using the Exercises 

Assign the exercises on page 215 as 
independent work. If you wish to 
extend these exercises, duplicate the 
following type of worksheet: 


Which sets of figures are congruent? 


1. VV ( p (congruent) 


jeg” Na 
hed ce7m IN 


Ay tes _— _ ™ «(not congruent) 





(not congruent) 





Ww 


(congruent) 







(not congruent) 


5. — 









(congruent) 








Using the Ideas 
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Encourage all the children to try 
the Think problem. Some may want 
to trace a figure or two and place it 
upon another. However, most will 
recognize which two figures are the 
same after a little visual study. 


Assignments (page 215) 
Minimum: 1-2. Average: 1-2. 
Maximum: 1-2. 


Mathematics 

The relation between pairs of geo- 
metric figures that is known as 
congruence is one of the more im- 
portant relations studied in ele- 
mentary mathematics. The definition 
of congruent polygons is as follows: 


Two polygons are congruent if 
there is a one-to-one correspond- 
ence between the vertices of the 
polygons such that corresponding 
angles are congruent and corre- 
sponding sides are congruent. 


D 4 
A B A’ ‘BS 
In the pair of quadrilaterals illus- 
trated above, we can establish the 
one-to-one correspondence between 
the vertices given by A<>A’, BoB’, 
CC’, and DD’. Then the two 
quadrilaterals will be congruent if 
hd, Se al | Sees 
ZB= ZLB BC = B'C' 
Loz ge ( — ae C’D’ 
ZD=ZD' DA = D'A’' 
In this lesson children use informal 
methods of tracing and cutting out 
regions in order to compare two 
figures to see whether they are con- 
gruent. Notice that when a child 
places a figure on top of another to 
check for congruence he is establish- 
ing a correspondence between the 
vertices of the figures which allows 
him to compare the sizes of the 
various angles and the sides. 


Duplicator Masters, page 41 
Workbook, page 64 
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PAGES 216-217 
Objective 

Given a symmetric figure, the child 
will be able to recognize that the two 
halves of the figure are congruent to 
each other. 


Preparation 
Materials 
ScCiSSOTrs 

To prepare for this investigation, 
review the meaning of the term 
symmetry. Display several figures 
which are symmetric and have the 
children recall how the halves of a 
symmetric figure match. If necessary, 
refer to page 112 to review the con- 
cept of symmetry. 
Investigation 
Some children will realize that an 
easy way to cut two congruent tri- 
angles is to cut through two pieces of 
paper simultaneously. However, if 
children draw and cut one triangle 
and then trace and cut the other, 
do not correct them. Emphasize that 
the triangles may be any shape or 
size. 

Following are the symmetric fig- 
ures that can be formed for a given 
pair of congruent scalene triangles. 
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® Let's explore congruent figures and symmetry. 


Investigating the Ideas 


Cut out two triangles 
that are congruent. 





How many ways can you place the 
sides of your triangles together 

so that you get a symmetric figure ? 
See Investigation. 


Draw pictures to 
record your results. 





Discussing the Ideas 


1. Suppose this figure is 
symmetric. Why do you 
think the two triangles 


are congruent ? 
See Discussion. 





2. Explain how you could 
use a folded piece of 
paper to cut out two 


congruent figures. 
See Discussion. 
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Discussion Exercise 2 gives some children an 
Have the children use the results of opportunity to explain how they cut 
the investigation as you discuss the out the triangles in the investigation. 
explanation of symmetric figures. Others will be able to compare the 
They might note that in each figure method they used to the one sug- 
found in the investigation the line of gested here. 

symmetry is the side common to both 

triangles. Children may suggest a 

variety of reasons as you discuss 

exercise 1, such as, ‘““We can place 

them one on top of the other to fit 

exactly,” or, “They share a common 

side as did the congruent triangles in 

the investigation,” or, ““We can see 

that the sides are all equal,” etc. 

Accept any statement which is a 

reasonable conclusion based on the 

previous concept development. 


1. 


* 3. 


Using the Ideas 


Trace this square and cut it 
out. Can you fold and cut 
so that you get 

a twocongruent triangles ? 


Bs two congruent rectangles ? 
A Fold along either diagonal. 


B Fold into halves vertically 
Or horizontally. 





Trace and cut out this 
figure. Can you find a 
way to fold and cut it so 

that you get two congruent 
quadrilaterals (4-sided 


figures) ? Fold along 
this diagonal 







Make two congruent pentagons 
(5-sided figures) by folding 


and cutting paper. 
See Using the Exercises. 
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2. Fold and cut 2 pieces of paper. 
(Note that one cut is perpen- 


dicular to the fold.) 
Dani ama ees 
(ial 


Using the Exercises 
You might assign the exercises on 
page 217 as activities and add to 
them either from the activity cards 
in the back of the book or from sug- 
gestions in the follow-up section. 
Note that in exercises 1 and 2, chil- 
dren must actually cut along a line of 
symmetry to form two congruent 
figures. 

Two possibilities for exercise 3 are 
as follows: 

1. Fold and cut 1 piece of paper. 


on 
fold! 


Step | 


S., along 


fold. 
Step 2 


Assignments (page 217) 
Minimum: 1. Average: 1-2. 
Maximum: 1-3. 





Follow-up 
The use of a geoboard would give 
children further opportunity to in- 
vestigate congruent and symmetric 
figures. 

You might also distribute a page 
of congruent and symmetric figures 
such as the sample below. 








. Draw a line through each 
symmetric figure to form 
congruent figures. 


ml 
NS 






2. Trace figures congruent to each 


of the following figures and use 
them to make symmetric figures. 


este) pene A 

Resources for Active Learning 

Activities in Geometry, Activities 
36, 37, Addison-Wesley. 

Developmental Math Cards, 
Addison-Wesley. 

Inquiry in Mathematics via the Geo- 
board, *“‘Congruent Triangles,”’ 
Geo-Card 22; “Similar Triangles,” 


Geo-Cards 23/ 1-3, Walker. (Avail- 
able from Fitzhenry & Whiteside) 





D*3; 


Workbook, page 65 


217 


PAGES 218-219 
Objectives 

The child will demonstrate his 
ability to work with the concepts 
presented in this chapter. 

The child will demonstrate his 
ability to work with the concepts 
indicated for cumulative review. 


Preparation 

If you choose to prepare for the 
review exercises, briefly discuss the 
principal topics and terms treated in 
this chapter, such as cylinders, cones, 
circles, radius, diameter, tangent, 
congruent, and symmetric figure. If 
you choose to prepare for the Keep- 
ing in Touch exercises before assign- 
ing page 219, use a short oral review 
of basic facts for both addition and 
multiplication. However, in either 
case, remember to keep this part of 
the lesson brief. 


218 





1. Answer cone or cylinder for each shape. 





of a circle made with 
this Point Finder ? 5em 


3. Use any method you want 


to draw a circle. Draw 
a line that is tangent to 


your circle. 
Constructions will vary. 


4. Which two triangles 


appear to be congruent ? 


Aandc 
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Discussion 

Page 218 may be used as an evalu- 
ative instrument, or you may use it 
as a review lesson. Whether you 
work through the exercises with the 
children or discuss them after the 
children have completed them, in- 
clude in your discussion the other 
topics treated in this chapter. Make 
sure children realize the distinction 
between cone and cylinder and be- 
tween radius and diameter. 


acone B Cylinder / 


2. What would be the radius 


\ 


c Cylinder 





|~——_—— 5 centimetres ——+| 
| 





Follow-up 

To give children an opportunity to 
work with all of the shapes and 
figures treated in this chapter, you 
might have the class use these shapes 
in making mobiles. Wire coat hang- 
ers, string, and stiff paper are readily 





1. Find the sums and differences. 


Bo88 s 78 en'539 p 62 —e 75 F 957 available materials which can be used 

+24 fz 46 +25 —48 —36 +9 to make attractive mobiles of sym- 

ag 2 Gt yy a rs metric figures and congruent triangles 

ce 65 H 134 1 84 496 Kk 95 uriGo and quadrilaterals. Tiny cones and 

+72 gill! alte —58 +67 —84 cylinders may be constructed and 

137 43 161 ~ 68 “162 — J, covered with various colors and 
designs. 


2. Find the products. 
aA5x 525 e 7x 4281, 3x 927 mw 4x 4le a 
B 2x 8i0 — 2x 9'8 y 6 x 636 nw 6 x 530 rk 8 x 972 v 8 x 540 
c 9x 6546 5x 735 «x Ox 70 o 8x 432 59x17 w5x 945 
p 9x 4326 n 7x 2!4 1. 4x 624 p 6 x 848 +t 7 x 749 x 8 x 804 


6 x 2iI2 vy 5 x 4z0 Workbook, page 66 (Use with page 
218.) 


3. Solve. 300 1700 1200 
Woes 100.2 Fy ce 100 x 17 =b_e 30 x 40 =F .a@ 200 x 7 =.e1400 
pB 10x 56=r bp 28x10=g F 20x 70=A u 8 x 300 = maoo 
560 280 14.00 


4. Estimate the area of each region. 


ais}. feed lar] EF 
: 5 eee | 
== 
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Using the Exercises 

Assign the exercises on page 219 
as independent work. When the chil- 
dren have finished, check the papers 
and clarify concepts as needed. If 
exercise 2 indicates that some chil- 
dren lack knowledge of a few of the 
basic facts, encourage them to devise 
a method of study to learn the ones 
they missed. 
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CHAPTER 10 Dividing 


Pages 220-249 


General Objectives 

To maintain understanding of division 
concepts 

To develop the division algorithm for 
1-digit divisors 

To develop the division algorithm for 
certain 2-digit divisors 

To provide a variety of word-problem 
experiences 

To provide experiences in estimation 


Much of this chapter’s material is 
directed toward developing a com- 
plete understanding of the long- 
division algorithm. In order to keep 
the computation at a level that is 
reasonable for fourth-grade children, 
the algorithm is not carried beyond 
simple 2-digit divisors. This restraint 
insures that children will not be 
overburdened by computational 
complexities while mastering the 
essential concepts that are developed 
in this comprehensive treatment of 
the long-division algorithm. 

The opening pages of the chapter 
are devoted to estimation leading to 
divisions involving only the basic 
division facts and remainders. Fol- 
lowing this, work is provided to lead 
toward an understanding of division 
with 1-digit divisors and 2-digit 
quotients. The role of repeated sub- 
traction in the development of this 
algorithm is strongly emphasized. 
The following lessons concentrate on 
multiples of ten in estimation to 
assist children in making the best 
guess when they attempt to divide 
using l-digit divisors and 2-digit 
quotients. Again, much attention is 
paid to the role of repeated subtrac- 
tion in the division algorithm. A les- 
son on averages is introduced as a 
useful application for the division 
material developed thus far. Then 
exercises involving 1-digit divisors 
and 3-digit quotients extend the 
concepts developed previously and 
utilize more material on estimation— 
this time with multiples of 100. Fol- 
lowing a cumulative review, the 
children are given material leading to 
an understanding of two-digit divi- 
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sors. Use of inequalities continues to 
play a role in making first quotient 
estimates, and two-digit division is 
introduced by a study of multiples 
of ten. 

A key feature of the content or- 
ganization of this chapter is that, at 
each new stage of development, ma- 
terial is provided to assist the child 
in making accurate estimates when 
he reaches a particular phase of the 
division algorithm. However, as you 
go through the material, you will 
note that the door is left open for the 
child who does not make the best 
estimate on his initial try. More of 
this material is provided later in the 
text. 


Mathematics 
Our basic definition for division (for 
whole numbers a, b, and c,ifa X b = 
c and 6#0, then a=c~+ bd) must 
be extended to allow for remainders 
in division. That is, we would like 
to define c+ 6 for the case when 
there is no whole number a such that 
a=c+b. There are two choices: 
we can reconsider the definition 
above without a restriction that a, b, 
and c be whole numbers, or we can 
redefine division to allow for nonzero 
remainders. Consider the following 
definition. 

If a, b, c, and d are whole numbers 

such that (ax b)+d=c and 

b#~Oandd<b, 

then for c+ b, a is the quotient 

and d is the remainder. 

Notice in this definition that, if 
d = 0, we have the original definition. 
That is, aX b=c simply implies 
c+b=a. Of course, if we wanted 
to make a statement of equality with 
regard to c+b when d+0, we 
would be involved with fractional 
numbers. That is, we would have 


c+b=a+t é An example of this 
would be 14 + 3. 


4 
12 


2 


When we develop fractional num- 
bers in future work, we can return 
to this idea and establish that non- 
zero remainders give a quotient 
which is not a whole number. 

You will. note that we are con- 
sidering two different ways of think- 
ing about quotients: as whole 
numbers with a number called the 
remainder related to this quotient 
and as rational numbers such that 
the quotient times the divisor equals 
the dividend in each case. This latter 
case will be explored in Book 6. 


Teaching the Chapter 

Materials 

Almanacs, atlases, encyclopedia, etc. 

Celsius thermometers, alcohol ai.d/ 
or mercury (also, if possible, 
clinical thermometers) 

Demonstration clock 

Map of Canada 

Metre stick 

Overhead projector (if available) and 
transparencies 


Vocabulary 
average dividend remainder 
degree divisor 


The materials for this chapter are 
listed primarily to help children with 
word-problem sets rather than to 
help conceptually with the mathe- 
matics of the chapter. Use of mate- 
rials to demonstrate concepts is not 
an important part of the develop- 
ment in this chapter, since the chil- 
dren have worked carefully with the 
division concept in a previous chap- 
ter. The chief objective is to help 
the children understand the common 
skills used for determining quotients 
in various types of divisions, and 
little can be done with sets and 
physical objects to aid this computa- 
tional work. 

\Lesson jee 

This chapter is designed to be covered 
in about three and one half to four 
weeks. You should modify this time 
schedule to fit the needs and abilities 
of your class. If the schedule is 
flexible, provide several changes of 


pace, since some children may be- 
come bogged down by the heavy 
concentration on long division. 
Evaluation of Progress 

Generally, the children’s progress in 
mastering algorithmic skills is easily 
tested and evaluated. A good way 
to evaluate their understanding of 
the algorithm is to observe daily how 
quickly the children grasp the ideas 
involved. We recommend that you 
do not penalize children who find 
quotients by making many guesses 
and subtracting each time. This 
method of finding the correct quo- 
tient is, in many ways, superior to 
memorizing an algorithm without 
fully understanding the process. 

The following general statements 
describe our overall approach to the 
division algorithm. 

A careful development of concepts 

precedes development of the algo- 

rithm. 

Numerous experiences with esti- 

mation involving sums, differences, 

products, and quotients prepare 
for the work in dividing. — 

Repeated subtraction plays a major 

role in the dividing process. The 

quotient is thought of as the 
greatest multiple of the divisor 


that can be subtracted from the 
dividend. 


Initially, the children are encour- 
aged to think about the entire 
divisor and use it to estimate the 
greatest number of times the 
divisor is contained in the entire 
dividend. 


Some children may discover the 
shortcuts for using part of the 
divisor and part of the dividend 
for estimating before they are 
taught the standard algorithm. But 
keep in mind that you want them 
to think of numbers before they 
learn shortcuts using digits. One 
goal is to encourage students to 
use estimation effectively in arriv- 
ing at quotients. To this end, we 
give considerable attention to 
exercises that help children esti- 
mate accurately and quickly. 


This last statement requires further 
discussion. An important aspect of 
the program is that when using this 
approach, children may make less 
accurate estimates, subtract, and 
then estimate again. We encourage 
them to develop an efficient method 
of estimating by making careful 
estimates of the quotient the first 


time, when 1-digit divisors are in- 
volved. Though the efficient method 
can be mastered by almost all pupils, 
they still may make a less careful 
guess, subtract, and then have to 
guess again. Dividing with 2-digit 
divisors is much more complicated, 
but those pupils who are weak in 
performing this algorithm can still 
succeed by making a series of estima- 
tions and subtractions. Obviously, if 
a child’s estimate is too large, he must 
start over, as he would with most 
approaches to the division algorithm. 
In this flexible context, the most effi- 
cient way to find quotients by making 
good initial estimates is clearly 
stressed. 


Resources for Active Learning 


GENERAL ACTIVITIES 
[Refer to Chapter 7 for estimation 
activities. ] 


MANIPULATIVE DEVICES 
Thermometers (Edmund Scientific; 
school supplier) 


COMMERCIAL GAMES 

Orbiting the Earth: Division (Scott 
Foresman) 

TUF (Creative Publications; Cuisen- 
aire Co.; TUF) 
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PAGES 220-221 
Objective 

Given a division problem, the child 
will be able to find the quotient by 
repeated subtraction. 


Preparation 

To begin this chapter, use an oral 
game or drill to review basic multi- 
plication and division facts. Include 
a drill of multiples of 10 and 100. 
For example, use the ““What’s My 
Rule” game, and say, “When I think 
of 240, my answer is 30; when I 
think of 720, my answer is 90; if I 
think of 320, can you give my an- 
swer?” (See page 65 for a descrip- 
tion of the ‘“What’s My Rule” 
game.) 


Investigation 

Have the children work on this 
investigation independently. If chil- 
dren begin by repeatedly subtracting 
7, they will probably soon realize 
that subtracting by sevens would be 
a tedious task. Of course, the 
simplest way would be to subtract 
a group of 10 sevens, or a group of 
20 sevens and then smaller groups 
of sevens. Keep in mind that one of 
the basic purposes of this lesson is 
to help the child recognize the need 
for more efficient ways of finding 
quotients than by repeated subtrac- 
tion of the divisor. In any case, 
remind them to be very careful in 
performing the subtraction, regroup- 
ing when necessary. 

For those who finish quickly, you 
might suggest a few other exercises 
to investigate, such as: 

How many nines are in 171? 

How many fives are in 105? 

How many sixteens are in 112? 


220 





Dividing 


la 
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Discussion 


Use discussion exercise 1 to relate 
the subtraction in the investigation 
to division. You may want to use a 
set demonstration and have children 
separate 175 counters into groups of 
sevens. Write on the chalkboard both 
the related division equation, 175 + 
7 =n, and the division symbol used 
in the algorithm, 7)175. Help chil- 
dren realize that we use the symbol 
J) to indicate division. 

An important point in this lesson 
is to demonstrate the need for a 
division method which is more con- 
venient than subtraction. Stress this 
as you discuss exercise 2. Encourage 
children to find a way that is even 


how many sevens are in 175 ? 





How many sevens are in 175? 
B Solve:175 = 7 = n2Z5 


Explain the steps Joanne 

used to find how many 

fours are in 148.See Discussion. 
B How is David's work 

shorter than Joanne’s ? 37 


c Solve:148 —~4= n 


3. Try these on your own. 
a 138+=6 ps 204—6 
23 34 


® Can you find quotients by subtracting? 


Investigating the Ideas 


How many sevens 
are in 175? 





LE, 


i 


Can you use subtraction to find 


Discussing the Ideas 


48 = + 

JOANNE 
41148 
ti so 





shorter than David’s as you discuss 
exercise 2C; for example: 


4)148 


1200 @ 
28 

Ig 
di pemeee 


Develop exercise 3 similarly, com- 
paring ways different children used, 
emphasizing those which are the 
shortest. However, praise all those 
who do correct work, no matter how 
many subtractions they use. 


a Ss 


See Investigation. 


Ff How many fours are in |4+8? [I 


DAVID 


4t74e 
-80 (20) 
6 


Using the 


Ideas 


. Find the quotients. The numbers in the rings tell how many fives 
were subtracted each time. 


s 28025 
o 


5) 230 


=150 (30) 


=50 (10) 
5 3) 


-30 ©) 
0 


c (185 =15) 


Ur i 
5) 185 
—~100 


85 
—50 


35 
—35 
0 


20 
@ 


. Copy each exercise. Give the number of threes for each ring. 
Then give the quotient. 


. Use subtraction as in 
exercises 1 and 2 to 
help you find the quotient. 


A 


nmo ono @ 


30 @» ~60 (qi) 20 
18 

18 @: =18 (iil) 
0 0 


45 + 315 c 108 + 3% 
104 = 426 wn 180=—5 
85 = 517 1 162 + 627 
144=+64 5 140+ 

58 + 229 k 136 + 8i7 
84 = 42! t 207 + 92 


chs 8 


3)144 
60 
84 
-60 
24 
=24 


0 


(ai)z° 
(qi) 22 


8 
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Using the Exercises 

Explain to the children that in the 
exercises on page 221 some of the 
work has already been done for 
them. Then give them an oppor- 
tunity to go ahead and do the exer- 
cises on their own. These exercises 
are intended to lead the children 
toward an understanding of the role 
of subtraction in this simple form of 
the division algorithm. 

The children should be able to 
solve the Think problem if they 
understand the day’s work in using 
successive subtraction to develop the 
concept of division. 


Assignments (page 221) 
Minimum: 1-3. Average: 1-3. 
Maximum: 1-3. 





Follow-up 

Exercises involving multiples of 10 
and 100 will continue to prepare the 
children to make better estimates of 
quotients. For this purpose, you 
might prepare a worksheet similar to 
the following. 


1. For each set of numbers, write a 
multiplication and a _ division 
equation. 

A. 2, 180, 90 D. 9, 630, 70 
B. 50,.3500, 70 E. 6, 240, 40 
C. 320, 80, 4 F. 4200, 600, 7 

2. For each pair of numbers, write a 

multiplication and a division equa- 

tion. Supply the missing number 
for each equation yourself. 

A. 2700, 90 D. 5, 400 

B. 8, 560 E. 70, 80 

C. 4, 1600 F. 6, 4800 












Workbook, pages 67-68 
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PAGES 222-223 
Objective 

Given division exercises which have 
remainders, the child will be able to 
find the quotient by subtracting and 
will recognize that the remainder must 
be less than the divisor. 


Preparation 

You might find it appropriate to 
begin immediately with the investi- 
gation and let it function as the 
preparation for the discussion. How- 
ever, if you prefer, conduct a short 
oral practice session on the basic 
multiplication facts. Continue to in- 
clude facts which use multiples of 10 
and 100. 


Investigation 

Have children work on this investi- 
gation independently. Encourage 
them to recall what they learned 
about division and subtraction in the 
previous lesson but to use any 
method they wish to answer the 
question. Upon subtracting fives 
from 83, they should find that 3 
pennies will be left over after they 
have gotten 16 nickels for the 80 
pennies. This is the main point of 
the investigation, namely, that some 
numbers cannot be divided evenly, 
so they have a remainder. 


pp 





@ Let's explore quotients and remainders. 


Investigating the Ideas 


Se: 


Can you find the number of nickels 





you can get for 83 pennies ? 
IG nickels, with 3 penniés left over 


See Investigation. 











Discussing the Ideas 
8 < quotient 
divisor > 6)50 < dividend 
~48 
2 < remainder 


Study this example to review 
the meaning of the words divisor, 
quotient, dividend, and remainder. 


1. In the Investigation you found how many fives are in 83. 
Was this number the quotient or the remainder ? Quotient 


2. Is the number of extra pennies the quotient or the remainder ? 
Remainder 


3. Dick and Jean were asked to find how many teams of 4 could 
be formed from 17 children. 
a Whose paper do you think 
is correct ? Jean's 
s Name the divisor, quotient, 
dividend, and remainder 
on Jean, 5 Boos Sone, 4; 
dividend, 17; remainder, | 
4. Give the missing word. 
If the dividing has been completed correctly, 
then the remainder is less than the __ ?__. divisor 
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Discussion 

As you discuss the children’s investi- 
gation results, you may want to use 
sets to demonstrate other examples 
of division with a remainder. Write 
a division algorithm on the chalk- 
board for each example you demon- 
strate and explain the terms divisor, 
quotient, dividend, and remainder. As 
you discuss exercises 1 and 2, point 
out that the remainder is less than 
the divisor. With exercise 3A ask the 
children to explain why Dick’s work 
is incorrect, and how he could cor- 
rect it. They might recognize that 
Jean’s work shows how Dick could 
correct his. Also, ask if anyone can 
suggest an easier method, that is, 


guessing 4 as the quotient the first 
time. Point out that the remainder 
is always less than the divisor, if the 
division has been properly per- 
formed. During your discussion, 
explain to the children the following 


form for writing quotient and 
remainder. 
3ei¢Ru2 
4)14 


Explain that this is read as ‘14 
divided by 4 is 3 with remainder 2.” 


- A How many nickels can you get for 47 pennies ? 2 


B How many pennies will be left ?2 


. There were 49 boys at the park. If they were divided 
into baseball teams with 9 on a team, 

A how many teams could be made ? 5 
B how many extras would there be ?4 


. Acarton holds 6 bottles of soda. 
a How many cartons can you fill if you have 52 bottles ? ® 


B How many extra bottles will there be ?+ 


. The coach asked 45 boys to line up in rows of 7. 


a How many full rows did they make ? © 
B How many boys were left ? 5 


. Copy each exercise. Find the quotient and the remainder. 


. Divide these numbers by 3 and list the remainders. 12, 13, 14, 
TsO, Wr1o81 9, 20, 21,22, 23, 2425, 26, 27,28, 29,30 


women tee eet | s 
)4 BS) 23.88 Gia) / p 5)27 
__7Re __5Re __6R4 i 
)62 sn 7) 41 129)5 y 4)31 


See Answers, TE. page 223. 


. List the possible remainders when any number is divided by 4. 


Using the Exercises 
On page 223, children may need 
guidance in writing the division 
problems in the standard algorithmic 
form. If necessary, work through the 
first few with them. Suggest that 
they think of missing factors in 
order to find the quotient. For exam- 
ple, in exercise 1 a child may think 
“5 nines are 45, so I can get nine 
nickels for 47 cents and have two 
pennies left over.” He would write 

ORD 

5)47 
45 
2 








Nh 
. Kay has 59 stamps. She pasted 8 stamps in each row. 


a How many rows of 8 could she make ? 7 
B How many extra stamps would she have to start another row ?3 


Using the Ideas 












eek 


Anyi 


Guts 
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Answers, exercise 7, page 223 


La las Bie 4 22 43 =.J,.R1 
Doe pee 4 RD Be Fe, RD 
144+3=4,R2 24+3=8 
15+3=5 254+ 3.18, R1 
16 =23.=5,RL».26 + 3 =.8,,.R2 
1d, +3=5, R2 +27 +3.=,9 
18+3=6 28 +3=9, RI 
1 3 sO, RY a0 Ge ORD 
20+3=6,R2 30+3=10 
21s 37 


Assignments (page 223) 
Minimum: 1-8, oral. Average: 1-8. 
Maximum: 1-8. 


Follow-up 
Exercises 7 and 8 may be used as an 
extension in the understanding of the 
division algorithm. The discussion 
may take this form. 
““We agree that 
Dividend equals divisor times 
quotient plus remainder.” 
In equation form, 
=—(d <q) F 
Using this equation, look at the 
pattern for dividing by 4. 


4=(4X1)40 8=4xX2)+0 
Serta ST) a ea et 
6=(4X1)+2 = (4X 2)+2 
T= (4X19 31S ay 3 


What will the pattern look like if 
12 is the dividend? Complete these 


equations. 
12=(4X3)+0 16=4X4)+0 
13=(4xX3)+1 17=4@xX4+4+? 


14=(4X3)+2 18=4x4)+? 
IS=(4X 3)+3.19=4@xX4+? 

What are the remainders when 
dividing by 4? Build a pattern to 
show remainders when dividing by 6. 


Workbook, page 69 
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PAGES 224-225 
Objective 

Given division problems with single- 
digit divisors, the child will be able to 
give estimates of the quotients. 


Preparation 

To prepare for this lesson, review the 
meaning of the inequality symbols, 
> (greater than), < (less than). For 
example, ask someone to write with 
mathematical symbols the statement 
“seven is less than twenty” (7 < 20). 
Continue with several more exam- 
ples, including other symbols if you 
think your class would benefit: 


=(equals) +(divided by) X(times)_ 


<(less than or equal to) 
>(greater than or equal to) 


Investigation 
This investigation is intended to be 
completed after a few minutes of 
independent work. Instruct the chil- 
dren to list only those numbers 
which make the inequality a true 
statement. Some children may imme- 
diately realize that, since 5 may not 
be used, neither may 6, 7, 8, or 9. 
Others may try each of the numbers 
to see if they might be used. For 
those who finish quickly, suggest a 
similar exercise with the following 
numbers: 
{0,1,2,3,4,5,6,7,8,9} 
or 
{6,7,8,9,10,11,12,13,14,15} ? X3<34 


2 XAG. 


224 





for 5)32 ?6 


3. a Which pair 


224 


Discussion 

In order for the investigation to be 
pertinent, it is essential that the an- 
swers the children listed (0,1,2,3,4) 
be related to the quotient 6)27. 
Discussion exercise 1 should help 


them realize that the greatest num- - 


ber which makes the inequality true 
is the best guess for the quotient. 


Discuss exercise | in relation to any | 


additional exercises used in the in- 
vestigation. For both exercises 2 and 
3, have children show on the chalk- 
board the two inequalities that 
result from substituting the correct 
pair. Then have children give the 
correct products so that everyone 
will see that the inequality signs are 





Gail 





pairs of numbers. 


a Which pair do you think 
Dan is covering ? S 
Bs What is the quotient 


3 
4 
s What is the quotient for 4)18 ?4 


® How can estimation help you find quotients? 


Investigating the Ideas 


{0,1,2,3,4:5,6,789} 


Bb 627 


Which numbers from the set do you think 
Gail might be covering ?0,!,2,3,4 


See 


Discussing the Ideas 


1. a Which numbers were too large for Gail to be covering 25,6,,89 
Bs What is the largest number she could be covering ?4- 


Is it the quotient for 6)27 ? Yes 





Dan 


or 2 is correct for Se bhi: 
5 x 451875 


correct. Again point out that the 
largest number which makes the 
“less than”’ inequality true is the best 
guess for the quotient. 


Using the Ideas 


1. For each of parts a through u, copy the two inequalities. 
Use the correct number pair from those which follow. 
Then find the quotient and remainder. 


Number -Pereretekrktet&ét es 
pis: HEReettRBaRE Ee 
Example: Answer: i 
me 417 Se mex4<17 4)17 
xa 5x4>177 16 
1 
aAWMx5<47 (2% © Metgore2/ RS 
Be x 5>47—-°)*/ 5 ee 27 8)! 
B §x2<11 dest e i x 3 < 29 oN 
Bx2>-177"" me x 3>297°)*9 
ec Mx3s<26 _ 8 aie 07246 GES R4 
mx 326 %/26 Bx 7>467 7° 
dp 7 x 4<30 —i Re H 5 x 8 < 45 ee 
gx4>307 7% exss4579)* 
2. Find the largest whole number that will make the 
sentence true. Then copy the completed sentence. 
Find the quotient and remainder. 
Example: ly? ¢ Answer: ee 
ieee <3) —=+ DO) 3) - xa =< oF —>5)37 
35 
2 
a nsx 5 < 43 —-5)436e3 E nex 3 < 20 —- 3)20erz 
Be fit 0. 22-3) 22 F nox 6 < 38 —-6)38eRz2 
c nex 4 < 35 —~4)35 6R3 « n7x 7 < 50—~7)507R! 
pb nsx 8 < 47 —-8)47 5R7 H n9x 7 < 65 —+7)65 9R2 


More practice, page A-27, Set 38 


Using the Exercises 

Since exercise 1 on page 225 is 
similar to exercises 2 and 3 of the 
discussion section, work through the 
directions and example with the chil- 
dren and then assign the remaining 
exercises as independent work. You 
might observe with the children that 
in exercise 2 the inequality is always 
“less than,’ so they must find the 
largest whole number that will make 
the product less than the given 
number. 


Assignments (page 225) 
Minimum: 1-2. Average: 1-2. 


Maximum: 1-2. 
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Follow-up 

To help children better relate the use 
of estimation and inequalities to find- 
ing quotients, write on the chalk- 
board or prepare on a duplicated 
worksheet exercises similar to the 
ones below. 





For each of the following, give an 
inequality that will help show the best 
guess for each quotient. Then find 
the quotients and remainders. 
Example: 










6 R2 
4)206 4X6<26 4)26 
7)34 -24 © 
8)49 2 






4)37 
6)40 
5)28 
3)14 
9)80 
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PAGES 226-227 
Objective 

Given a division problem with a 
single-digit divisor and a quotient 
greater than 10, the child will be able 
to find the quotient by subtracting 
multiples of 10. 
Preparation 
Since this lesson deals with multi- 
ples of 10, you might want to review 
products of multiples of 10 and 100. 
For variety, you might use the written 
form of the ‘““‘What’s My Rule” game 
and prepare a grid something like 
the following: 





Notice that each new row is formed 
by multiplying row a by some multi- 
ple of 10. (See page 65 for a more 
detailed description of this game.) 


226 


@ Let's organize our work. 


Discussing the Ideas 


Copy the part of the example that says ‘’write”’ 
as you work through the steps for finding 18624. 


Think) 


Step 1 


4)136 
— 80 <— 20 x 4 | can subtract 
56 20 fours from 136. 





Step 2 





4)136 
=80 20 x 4 
56 | can subtract 
—40<—10 x 4 10 more fours. 
16 


& 
~— 
— 


| 
oo 


| 
f 01/0 W 
oo) 


| 
© ® 





fo>) 


Step 3 


34 
4)136 


56° 
16 
SC 4x74 
0 
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Discussion 
The diagrams on page 226 show one 
way of organizing the long-division 
process by using subtraction. Dis- 
cuss each step of the process and 
ask the children to answer discussio 
exercises | and 2. ) 
As you discuss exercise 1, help 
children see that 30 fours may have 
been subtracted as a first step, thus 
reducing the number of subtractions 
needed to find .the quotient. Have 
volunteers write their work for exer- 
cise 2 on the chalkboard. Emphasize 
that the best first step is that which 
subtracts the highest multiple of ten 
times the divisor, which here is the 
highest multiple of ten times five. 


2. Find the quotient 215 ~ 5. Check yo 
43 


—80< 20 x 4 


| can subtract 
4 more fours. 


1. Can you find the quotient 136 ~ 4 by using subtractions 





Yes; for example, subtract 30 fours 
LA . 


different from those above ? ana’then 4 £6 


See Discussion. 


5)215 
200 
15 
15 @ 
0 
However, take time to work 
through other steps with this same 
problem so that children will know 
how to work with a problem when 
their first guess is not accurate. 


ur work with your teacher. 


1. Betty and Sue each found the 
quotient and remainder for 142 ~ 5. 


a Did 


same quotient ? Yes 

B How many fives did Betty 
subtract the first time ? \o 

c How many fives did Sue 
subtract the first time ?20 

p Whose work is shorter ?Sue’s 


2. Copy each exercise and give the missing numbers. 


a 4)1 


3. Did you get the same quotient for each part of exercise 2 ? Yes 


4. Find the quotients. 
3 


13 eS m2 2 AZRI 

a 3)39 B 5)75 c 4)88 p 6)79 

232R2 34 27RI 35 

eE 7)16 F 4)136 c 6)163 H 8)280 

eee) anu 47) __ 84 __ 54 

1 8)312 J 9)234 k 5)420 L 6)324 
63 34e5 64 R2 29R3 

m 4)252 n 7)243 o 7)450 p 8)235 
227 


52 


both girls get the 


i 38 ae 

40 (i) : 80 (i) 20 
2 3 

Orit a @ 
32 (ill) 8 


Using the Exercises 

On page 227, exercise | may be used 
as a basis for discussion. For exam- 
ple, ask the children to study the 
two problems in the illustration of 
the chalkboard and work through 
the exercise questions. Assign exer- 
cises 2 and 3 and selected parts of 
exercise 4. Encourage the class to 
make their work efficient by trying 
to subtract the largest possible mul- 
tiple the first time in each problem. 





Using the Ideas 


lil 38 


ce 4) 152 


~120 (ili) 
32 

—32 (iil)s 
0 


Assignments (page 227) 


Minimum: 1, oral; 4. Average: 1-4. 


Maximum: 1-4. 





Follow-up 

For additional practice in finding the 
largest possible multiple and the 
smallest possible remainder, dupli- 
cate a worksheet of problems like 
the following ones. 


DIVIDEND EQUALS DIVISOR 
times QUOTIENT 
plus REMAINDER 


Now study the examples and find the 
missing numbers. 


60= (2x 30)+0 
64= (2x 30)+4 
150 =,(—_.. X 50) +ys— 
152 (0) eee 
2A ee 00) cee ee 
243 = (_ xX 60) + —_ 
BO 6 Xe 
127 = (5°60) 
146. = (_ K 20)- Fa 
354 = (__.X 50) 440 
285 = (4% ~)+ — 
636 = (Xx 90) + — 
















Duplicator Masters, page 42 
Workbook, page 70 
Skill Masters, page 42 
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PAGES 228-229 
Objective 

Given division exercises with 1-digit 
divisors, the child will estimate the 
quotients to the nearest multiple of 
ten that is less than the dividend. 


Preparation 

Conduct a brief oral practice session 
in which the children find products 
such @as UF SSSO0FS6DC50) 8570, 
9X 20, 4X 90, and 2 X 80. After 
this, write equations such as n X 80 
= 560, nX 6= 420, nX 4 = 320, 
fie 1 =050, and “soon, "on the 
board, and ask the children to give 
the missing factor. Here they must 
find the multiple of ten which, when 
multiplied by a 1-digit number, gives 
a certain product. 


Investigation 

One of the most important aims of 
this lesson is to help children develop 
the ability to think quickly and ac- 
curately about finding the product 
of a given number and a multiple 
of ten and then relate this skill to 
finding quotients. For this investiga- 
tion, have children work independ- 
ently to verify the correctness of the 
inequalities by finding the product of 
each pair of factors. Then let them 
proceed to try to use the inequalities 
as an aid in finding the quotient. 
You might suggest that children who 
finish quickly try the same approach 
with another pair of inequalities and 
quotient, such as: 

60 X 7 < 448l-,775 
10X7> aye 
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Number pairs: 


Las 
WMOx4> 128 
3. x 3 < 264 

x 3 > 264 


5. x 9 < 162 
x 9 > 162 


228 





Discussion 
Allow volunteers to show on the 
chalkboard their work for the in- 


vestigation. Be sure the children 
recognize why it is better for them 
to use the factor in the “less than” 
statement as their first estimate of 
the quotient. 

The discussion exercises continue 
this idea of relating inequalities to 
finding quotients. Have the children 
notice again in these exercises that 
the best estimate of the quotient is 
the factor in the “less than’’ state- 
ment. In general, they should look 
for the largest possible multiple of 
ten that will make the product less 
than the given number. 


Are these inequalities correct ? Yes 





Can you use the inequalities to help you find 


this quotient in the fewest number of steps ? 





Investigating the Ideas 


40 x 6 < 282 
50 x 6 > 282 


aie 


aa 
“a 
Ze 
Za 
co 


Discussing the Ideas 





: 32 
2. (Bx 5 < 325 
pee ea a: 5 > 325 
88 
satel 4. BBlx 4 < 132 
ee a: PES Key Bee: 
i8 
me 6. [BI x 8 < 608 
wae. 2 a: 8 > 608 


It would be helpful to demonstrate 
the use of this skill of estimating 
quotients with the quotients in exer- 
cises 1 through 6. Show the children 
how to subtract the product of the 
divisor and their estimated quotient 
from the dividend as the first step 
in division. 


32 
30K 4<128 4)128 

1200 @ 

WE 

8 ®@ 


Work through several exercises, 
stressing both the skill of estimating 
and the steps in the division method. 


@ Let's improve our estimated quotients. 


47 
6/282 


Ceres 
Investigation. 


Give the number pair for each gray space. Then explain how 
to use your answer for your first quotient estimate. See Discussion. 


65 


5)32 


ol 


33 


4)13 


No 


7 


8)6 


OO! 


. From the set { 10, 20, 30, 40, 50, 60, 70, 80, 90}, find 
the largest number that will make each sentence true. 
Ao) ieee, <2 128 pb Une x 7 <-189.20 

(Answer: —E mn x 6 < 25840 
30 x 4< 128) F n x7 < 448c¢o0 
pm x 4< 9220 Gun x So 27230 
& a x3!< 96'30 H nm x 9 < 38740 


quotient and remainder. 


wil ae 
a 8) 304 
—240 (0) 


Il lll 65 R2 
Bp 5) 327 


~300 (60) 


ih tl 57 
robs) Pray Ie 
— 450 

















3. Copy each exercise and write the correct digits instead of the Ill. 
I tl 42. Ul Wil 87 Il tll 3 i th 54 
ee Cy be) yey A c 4) 156 p 8) 435 
200 — Il Il Il 5¢0— Ill il ll 120 — Ii il il 400 — Illi il 
1 i bik 52 Illllll 36 Ill il 35 Mil lil 
to — Ill il 2 49 —Illlll 7 36 —Illlll 2 32-—Illlli (4 
3 ill 3ill O ll 3 lll 


4. Find the quotients 
and remainders. 


22 

a 3)66 F 5)494 
_23R2 

B 4)94 c 7)462 
abe a 

e 7)189 H 6)513 
_24RI eZ 

p 4)97 19 
fees: 

E 8)424 Js 4)370 


More practice, page A-21, Set 39 


Using the Exercises 
Following the demonstrations sug- 
gested in the discussion section, 
assign selected exercises on page 229 
_ as independent work. When the chil- 
dren have finished, ask volunteers to 
work through some of the exercises 
on the chalkboard, explaining their 
steps as they proceed. 

The quick solution to the Think 
problem hinges upon the clue that, 
within each problem, the missing 
digit is the same for all the screens. 
By looking at the third digit in the 
answer, which gives the limits of the 
second product, the proper doubles 
combination can be quickly located. 
For example in part A, the child 


. Copy the problem. Complete the work of finding the 


60) 





Using the Ideas 


5 < 39070 
7 < 54670 
8 < 45650 
7 < 29440 
6 < 51080 


1nx 


S335 8 
XK KX 


J 
K 
L 
M 


Ih Il 49 
p 6) 294 


240 (40) 





might explain his thinking by saying, 
“Try four. Four times one is four, 
and four times forty is one hundred 
sixty. Four is too small. Try five ....” 
Some children may wish to try 6 
after finding that 5 will work, just to 
prove to themselves that 5 is the only 
logical choice. 


Assignments (page 229) 
Minimum: 1, 4. Average: 1-4. 
Maximum: 1-4. 





Follow-up 

If children would benefit from more 
practice, you might write several exer- 
cises on the chalkboard. Children 
might work through the exercises on 
their own, or you might have them 
work with partners and write an in- 
equality to determine the estimate for 
each quotient. A worksheet similar to 
the following might also be helpful. 






Find the largest multiple of ten that 
will make the inequality true. Then 
use that number to help you find the 
quotient. 











nX9< 612 9)612 
nX 8 < 684 8)684 
nX9< 747 9)747 
nX 6 < 534 6)534 





WX = 252 3)252 





Duplicator Masters, page 43 
Workbook, page 71 
Skill Masters, page 43 
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PAGES 230-231 
Objective 

Given division exercises with single- 
digit divisors, the child will be able 
to find the quotients and remainders 
and check each exercise by multiply- 
ing the divisor by the quotient and 
adding the remainder. 


Preparation 

Conduct a short oral drill of basic 
multiplication facts to review the 
relation between multiplication and 
division. For example, name three 
numbers and ask children to give 
both a multiplication and division 
equation using them, such as 7, 8, 
56 and 56 + 7 = 8. Include multiples 
of ten in the numbers you give them, 
but stress the relation between the 
multiplication and division equa- 
tions. 


Investigation 

You might suggest that the children 
work in groups of two or three for 
this investigation. Explain that they 
are to try to find a way of showing 
whether or not Matt’s answers are 
correct, and they are to do so by 
using multiplication, not division. 
Circulate around the room as chil- 
dren are working. If some seem to 
be having difficulty, you might give 
them a hint by reminding them that 
they know 48 + 6 = 8 because 8 X 6 
= 48. If children apply this relation- 
ship and multiply the quotient by 
the divisor, they will find that this 
product equals the dividend in exer- 
cises 1, 2, and 4. They should find 
that exercise 3 is incorrect; the an- 
swer should be 36, R O. Exercise 5 
Tequires that the remainder 2 be 
added to the product 3 X 26. If any 
children finish quickly, suggest simi- 
lar exercises for them to check. 


230 








by multiplying. 


an 
the dividend. 


230 





Discussion 


Have children explain how they used 
multiplication to check Matt’s an- 
swers. Develop children’s under- 
standing of the idea that dividend 
equals divisor times quotient plus 
remainder. ) 

Work through the two discussion 
exercises. Observe that in problem A, 
the check worked out correctly (that 
is, there is a divisor of 4, a dividend 
of 136). However, when Jack checked 
problem B, he found that his divisor 
times his quotient (3 X 53) was 159, 
and he wanted to get 161. Have the 
children explain why Jack did not 
get 161. They should understand 
that, unless the remainder is zero, 


Investigating the Ideas 





Can you use multiplication to help you grade 


, ? s 
Matt s paper, (R stands for remainder.) 


1. Jean checked problem a 


How did she know her 


quotient was correct ? 


The duct of 
wth ge areca aes 


@ How can we check answers in dividing? 





susteing Senseth 
xerci whic 
Should be 3G. 









2. Jack checked problem s. 
His product was 159. 
He thought it should 
be 161. Explain how Jack 


can finish cheeking® 
Add the remainder 159. 


they must add the remainder to the 
product of the divisor and the quo- 
tient to get the dividend. 


Follow-up 
You might challenge the children 
with other exercises similar to those 
in the Think problem. Here are a few 
examples. 


Using the Ideas 


1. From {10, 20, 30, 40, 50, 60, 70, 80, 90}, find the 
largest number that will make each sentence true. 




































































a Since 6 x 4 < 25,weknow that n x 4 < 256. co wea 60 XX 
B Since 5 x 3 < 16, weknowthat n x 3 < 164,50 9) 6xx x)x00 4)x12 
c Since 8 x 7 < 59, we know that n x 7 < 595.80 — x3x —x00 — 2x0 
p Since7 x 6 < 43, weknow that n x 6 < 439.70 9 0 ay 
—E Since 9 x 6 < 55, we know that n x 6 < 554.90 =X — 
F Since9 x 8 < 74, we know that n x 8 < 748. 90 aN a 
c Since9 x 9 < 83, we know that n x 9 < 837.90 
_x2 XX 4x 
s 6)4 9 
2. Find the quotients and remainders. Check each exercise. vale pie hg 
Exercise 1 should help you. 
64 54AR2 85 73RI _46 1x XX XX 
a 4)256 B 3)164 c 7)595 p 6)439 Ee 2)92 —XX — Xx — Xx 
27 92R2 93R4 93 93R5 0 0 7 
F 5)135 c 6)554 u 8)748 1 9)837 s 7)656 ‘Solutions 
ots 60 78 
3. Find ae quotients and remainders. Check each exercise. 9)639 5)300 4)312 
—2IRI —46R5 4523 — 630 — 300 —280 
A 5)305 B 3)249 c 4)85 p 7)327 E 8)363 aa 5 oy wey 
__67TR2 __96 _ 88R4 _ 89RI et —9 35 
F 9)605 c 3)288 un 7)620 1 2)179 s 5)385 ee ioe 
75R3 18 56R2 74R25 67 0 0 
k 8)603 Lc 4)312 m 9)506 n 7)523 ~—o 8) 536 89 85 4] 
6)492 -7)595 8) 335 
— 480 — 560 — 320 
12 35 15 
—12 —35 aoe 
0 0 y) 


Resources for Active Learning 
Mathematics in Modules, WN21, 
Addison-Wesley. 


Workbook, page 72 





More practice, page A-22, Set 40 231 





Using the Exercises and not on a breakdown of digits, in 
Before assigning the exercises on either the dividend, the quotient, or 
page 231, you may want to help chil- the divisor. At this time, we prefer 
dren see the relationship between to avoid making a special point of 
exercises | and 2. Observe with the thinking “8 into 57” for the divi- 
children that, since 6 X 4 < 25, sion 8)572. We would rather have 
they should be able to reason imme- the children think of the largest 
diately that 60 X 4 < 256. Although multiple of ten that they can multi- 
such reasoning encourages the chil- ply by eight to obtain a product less 
dren to consider the possible short- than 580, and then discover their own 
cuts for finding the number of tens shortcuts from this. 

in the quotient, it would be better 

not to make an issue of the con- 

nection between this and finding 

quotients and remainders. Keep in 

mind that the Investigating School Assignments (page 231) 
Mathematics approach to division Minimum: 1-3F. Average: 1-3. 
concentrates primarily on numbers Maximum: 1-3. 
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PAGES 232-233 
Objective 

Given a set of numbers (containing 
not more than 6 or 7 elements), the 
child will be able to find the average 
of the numbers in the set. 


Preparation 
Because of the nature of both the 
investigation and the concept de- 
veloped, you might find it appropri- 
ate to omit specific preparation and 
begin immediately with the investi- 
gation. You might simply explain to 
the children that the concept treated 
in this lesson is one they should find 
particularly interesting and which 
will supply them with ideas for class 
projects when they sufficiently under- 
stand it. 
Investigation 
This investigation may be done by 
children working individually or by 
children working in groups of two or 
three. Suggest to the children that, 
after they have found the two sets of 
numbers called for in the text, they 
might try to list some other sets of 4 
numbers which might be covered. 
You might also present a similar 
exercise on the chalkboard, such as 
2=- tT =A8 

Remind children to record their 
work carefully. When they have had 
sufficient time to work on_ these 
questions, ask volunteers to write on 
the chalkboard the 4 numbers which 
they thought the girls might be 
covering. 


232 





Pam and Julie are 


all the same) they 
might be covering. 


in each ? 


232 


Discussion 

Use the results of the investigation, 
and discussion exercises | and 2, to 
explain the meaning of average. Have 
children note that 6 is the average of 
all the numbers in the sets they wrote 
on the chalkboard in relation to 


the investigation equation. Also, 
have them note that, if all the hidden 
numbers are the same, each would be 
6. Work through the remaining dis- 
cussion exercises. 

It would be better not to give the 
children the usual rule for finding 
averages at this time. When the chil- 
dren have worked on several exer- 
cises, you might give them hints 
leading toward discovery of a rule 


investigating the Ideas 


covering 4 addends. 
Find 4 numbers (not 


2. Look at Don’s example. 
What is the average of the 
numbers in {2, 5, 1, 4}? 3 


3. Can you find a “substitute” 
(the average) for the addends 


a4+54+9=18¢ 
pabe+ 21 DES. =' 32g 
c 10+5+6=217 


® What is the average of the numbers in a set ? 








Several c mibinations are é 
possible. r example: 
A+5+G+9 
SAS Rene Pam Julie 
Can you find the hidden numbers 
if they are all the same ?¢ 
Discussing the Ideas 
1. a Will the numbers inthis set {7, 4, 8, 5} 





work in the example above ? ves 

B We say that the average of the numbers in this set of 
numbers is 6. What is special about the number 6 with 
respect to this set ? aed 


ple response: 


e sum of four G‘ = isthe sameas 
the sum 7+4+8+r 


eg to 
R+ Rt k=12 


When I substitute 
Role re) max (uae (ee (ciate) 


the sum 1s still 
the same. 





if they have not already found one. 
For example, in exercise 2 have the 
children note that the average of 
2, 5, 1, and 4 is 3, that there are four 
addends, and that 12 + 4 = 3. Sim- 
ilarly, in exercise 3 C, the average is 
7, there are three addends, and 
21 + 3 = 7. The intention here is to 
have children discover a rule for 
finding averages through experiences 
in working with concepts. Thus, you 
will want to discuss the rule only 
after children have worked several 
of the exercises on page 233. 


. Find the “substitute” for the addends. 


Then give the average of the ae 


009 BB Fb 


. Find the “substitute” for the numbers in each set. 
Then give the average of the numbers in the set. 


© 6 
a {2,10} (Answer: 2 + N10 =12 The average is 6.) 


pd {6,13,11}10 F& {7,17}12 wu {73, 80, 93} 82 
ce {2,5,4,53 46 {6,9,13,8}9 « {60, 743671 {72, 53, 68, 71}ce 


Ba. 12,6} 3 


10+4=147 
6+4+5=155 
3+7+6+4=205 


4+3+8=15 (Answer: Rag 4R=15 The average is 5.) 
—E 12+ 18 = 3015 
F2+3+10+9+11=357 
¢ 12+ 144+ 7 = 3311 


. Here is a list of points Jim 


scored in each of 3 basketball 
games. Give the average number 
of points scored. io 


. Here are Jane's spelling scores for one week. 


Game 1 


Find the average of her scores. \8 


. For each exercise, find the average of the numbers in the set. 
a {3,7,5, 5}5p {15, 21}ia6 {21, 34, 44}33 {9, 8, 7,6,5, 4, 3}e 
B {8,12,7}9 © {34, 42}31 {62, 79, 87}1eKs {81, 82, 91, 78} 83 

ce {4,3,5, 434 {93,97}9% {52, a aa Ashe 68, 75, 84, ne 


. The Celsius thermometers 

show the temperature for each 
day during one week. Give the | }] | dj | 3 
average of these oil eles SUN. MON. TUES. 





More practice, page A-22, Set 41 


Using the Exercises 

As implied in the preceding section, 
these exercises should be assigned as 
independent work, to be done indi- 
vidually or in small groups. 

After the children have worked 
through them, use them as a basis 
for discussion and give the standard 
rule for finding averages: add the 
numbers and divide the total by the 
number of addends. Encourage chil- 
dren to give any other rules they 
followed and discuss the merits of 
each. 





Using the Ideas 


Game 2 Game 3 











WED. THURS. FRI. SAT. 


i 


Assignments (page 233) 


Minimum: 1-2. Average: 1-6. 


Maximum: 1-6. 





Follow-up 

The concept of average offers possi- 
bilities for class or group projects. 
For example, you might suggest the 
following projects and encourage 
children to make up their own. 


1. Find the average daily high or low 
temperature of this month. 

2. Find the average height of the 
children in this class. 

3. Find the average daily attendance 
of this class for a week, or for two 
weeks. 


Projects like these will give you an 
Opportunity to stress development of 
such skills as collecting data, re- 
cording data, showing data on charts, 
etc. 
Resources for Active Learning 
Freedom to Learn, “Statistics,” pp. 
148-149, Addison-Wesley. 
Mathematics in Modules, S82, 
Addison-Wesley. 


Duplicating Masters, page 44 
Workbook, page 73 
Skill Masters, page 44 
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PAGES 234-235 
Objective 

Given division exercises with single- 
digit divisors and 3-digit quotients, the 
child will be able to find the quotient 
and remainder by using multiples of 
100 for finding first quotient estimates. 


Preparation 

To prepare for this lesson, give the 
children two or three division prob- 
lems with 2-digit quotients similar to 
the following. You might ask volun- 
teers to work them on the chalkboard 
while others work at their places. 


7)595 —-2)92-—S«9) 837 


If you prefer an oral warm-up 
activity, have the children find prod- 
ucts like these: 6 X 500, 7 X 300, 
4542008852200; 9 X 3002 AY ov 
might also include practice with 
quotients and missing factors such 
as “‘What number times 8 equals 
4800?” or “What number times 4 
equals 3600?” 


234 






explore 3-digit quotients. 


Discussing the Ideas 






1. Study this example. 












(On OF: ui oi ee PE eee se 
Think: Gia fit so ae ee 


a es voee = 





ey 


(ans we Regine 


324 ° 
6)1944 u 
1800 <— 300. rr 300 sixes (con 944, ea 


, Sy 


meee he ie re patho Wetcanal ] i. ete) 8 


. 4 es . is anes we can ‘ad 
24< A, x 6 subtract 4 more ise rR oe 1-8 ta : 
; SE cad are er ae < a | 
RHE - oc snes aye gers ; | 
aap . 


np. te 





Now find this quotient aa your own. 


400, x 3 < 1368 
500 x 3 > 1368 


wt 
Wissen ates 


4-56 
———» 3} T1368 









2. Explain how you can use the inequalities 


to help you find your first quotient estimate. 


The largest multiple of IOO which makes the less-tha 
ineq e100, 200 will be suitable as a First quotient estimate. 


3. From{100, 200, 300, 400, . . .}, find the largest 
multiple of 100 forn. nx 4< 1384 300 


Then find this quotient. 4)1384 346 


4. Explain how the inequality helped you find 
your first quotient estimate. see exercise 2. 
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Discussion 


Study the example in discussion 
exercise | with the children, noting 
with them the “thinking step” com- 
pared to the “writing step.” It would 
be helpful to work through the writ- 


ten part step by step on the chalk- 


board. 

Also, to clarify how the pair of 
inequalities shown at the top of the 
box applies to the problem and to 
making the best guess first, note that 
the inequalities show that there are 
as many as 300 sixes in 1944 but 
that there are not as many as 400 
sixes in 1944. As children work on 
finding the quotient 3)1368, you 
might ask volunteers to prepare to 


present their work to the class. Relate 
exercise 2 to this example. If some 
children have difficulty understanding 
the role of the inequalities, do not 
belabor the point; such children may 
not be ready to make the “best 
guess” or to find “‘large’’ quotients 
right away. In exercise 3, point out 
that the three dots mean that the 
set continues beyond 400. Again ask 
children to explain their use of the 
inequalities, as directed in exercise 4. 


Using the Ideas 


1. Find the correct number pair. 


Then find the quotient and remainder. 


Number 100 200 300 400 500 600 700 800 900 
pairs: 200 300 400 500 600 700 800 900 1000 














a 300 x 6 < 1944 324 ~ 300 x 7 < 2462 Bias 
400 x 6 > 1944 ~ 6) 1944 Be bios —- 7/2462 

SRE Se7itoo 23). og Mx 8 < 3847 480R7 
Ry habe 500 x 8 > 3847 ~ > 8)3847 

e 0 x5<643 _'28R3 yy 600 x 9 < 5964 662RG 
t00 x 5> 643 9/643 700 x 9 > 5964 ~~ 9)5964 

p 600 x 4 < 2437 G09RI, 0 x 4 < 3143 785RS 
0. 45 24377 402437 —b00 x 4 s 3143 7 4)3143 


=< 15 857R!I 5 900 x 5 < 4987 Q97TR2 
24s. Slo” Me ye GS 4057 > 4987 





ss 


. Find the largest number from {100, 200, . . .}, that will make 

the sentence true. Then find the SHAG and remainder. 
300 lame 

Aon XC < 1944 —> 6)1944 E 
500 

BT 1624 —~ 31624. 
400 

c ee Keo. <= 2578 —~- 6)2578. 

D aps x4< 2713 4)2713 ee 
B00 @3Ri | 

En x 5 < 4316 —> 5)4316 ae . 
B00 1.axa=al D>, 

Fn x 8 < 6845 —> 8)6845. reed bxb=20+b5% 

gon x 7 < 6425 > 7)6425, | 3.exe=30+ ee 
400 

Hie 1123 + 1369 —» 3)7369. 










Each letter represents 
a different digit. Find 

that digit, assuming it 
isnot 0. 
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Using the Exercises 

Before assigning the exercises on page 
235 as independent study, work 
through a few parts of each exercise 
to show the children how to organ- 
ize their work. Remind them that 
they can look back at the “writing 
step” on page 234 if they need help 
in exercise 1 A. 

In exercise 2, make sure children 
realize that the set 100, 200, 300,... 
does not stop at 300 but continues, 
as the three dots indicate, and in- 
cludes all multiples of 100. 


Assignments (page 235) 


Minimum: 1. Average: 1-2. 


Maximum: 1-2. 





Follow-up 

To arouse enthusiasm for further 
practice in finding quotients, write 
the following code and exercises on 
the chalkboard and suggest that the 
children decode the “‘secret”’ message. 
Code: 

AvingE cwaltpieO Rat) teMee (6 
159089. o63 ede e405 13 eros 
S T H N F 
59 35 34 320-¢3.132 

Exercises 


. 3)39 (M) 9. 4)252 WZ) 
.¥5) 75) €A) 10. 5)340 (C) 
S RNZBO CI) ~ 11 SOV STS) 
.4)136(H) 12. 7K9 (D 
. 8)312 (E) 13. (4K 15)—1 (S) 
. 5)65 (M) 14. 3)396 (F) 
. 7)105 (A) 15. 7)2975 (U) 
8. 4)140(T) 16. 5) 1600 (N) 
To find the message, children should 
match the answers of the exercises 
to the letters in the code. The mes- 
sage will begin to appear as the 
exercises are completed in order. The 


message is shown in italics for your 
convenience. 


ND Wn PW NY — 


Duplicator Masters, page 45 
Workbook, page 74 
Skill Masters, page 45 
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PAGES 236-237 
Objective ’ . oe ye 

5s ractice dividing. 

Given division exercises with single- Let's p g 

digit divisors, the child will practice 

finding quotients and remainders by 

making estimates based on inequal- 


1. Find the largest number from {100, 200, 300, 400, 500, 600, — 
700, 800, 900}, that will make each sentence true. 











Xe Then find the quotient and remainder. 487 
ities. f 400 
Preparation a Since 4 x 3 < 14, we know that n x 3 < 1461 ———— $8481 
Conduct a short oral session to re- sB Since3 x 9 < 29, we know that"n x 9 < 2943, ——> 9)2943 
mee ie sioreperaciag by Ervine c Since 5 x 8 < 42, we know that°n’ x 8 < 4296. ——> 8)4296 
the children some mental chain me a 
games. pd Since 5 x 2 < 11, weknowthat nm x 2 < 1126. ——— 2)1126 
; 853 
Ens rt e Since 8 x 6 < 51, we know that nx 6 < 5118. ——— 6)5118 
Start with 240 . . . Divide by 8 oo 
... Divide by 6... Multiply by 5. F Since 6 x 4 < 27, weknowthat n x 4 < 2788. ——— 4)2788 
ee CP}, c Since 9 x 7 < 67, we know that’A° x 7 < 6776. ——> 7)6776 
S Start withol J... Divide. by? =<. ws 698. 
Multiply by 4... Divide by6... H Since 6 x 8 < 55, we know that n x 8 < 5584. ———— 8)5584 
DS 726R4 
pay Dae. ee DARE eine 1 Since 7 x 9 < 65, we know that"A x 9 < 6538. ———> 9)6538 
Add 2. Your answer is ? ” (10) ae 991R2 
“Start with 7... Multiply by 5 ys Since 9 x 4 < 39, we know that n x 4 < 3966. ——— 4)3966 
a —858RI 
pe emact 3 Divide DY tay x Since 8 x 3 < 25, weknow that" x 3 < 2575. ——~ 3)2575 
Add 1... Multiply by 8... Add 1. oad "_929RI 
Your answer is ? ” (73) t Since9 x 5 < 46, weknow that n x 5 < 4646. ——— 5)4646 
“Start with 2... Multiply by 10 
... Divide by 5... Multiply by 10 2. Find the quotients and remainders. Check each exercise. 
2. Add, 5... . Divide. by >... Add). 132 403 
Your answer is ? ” (10) A 3)396 H 9)3627 
eres _ 612" 
B 2)1846 ¢ 5)3360) 
—__ 393 GZ5R2 
ce 9)2727 Js 8)5002 
__320 _4Z5 
pv 5)1600 k 7)2975 
8IORS __ 954 
E 4)3243 Lt 3)2862 
__ 868 __585R5 
F 6)5208 m 7)4100 
801R3 243RI 
c 5)4008 n 6)1459 
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Discussion 

Before children begin page 236, note 
with them how the inequalities can 
help them make a good estimate of 
the first quotient. You may choose to 
work a few exercises together. Then 
assign selected parts from both 1 
and 2. Since there is too much work 
here for some children, use discretion 
in determining individual assign- 
ments. When children have finished 
the exercises, allow time for further 
discussion and for checking papers. 


Assignments (page 236) 
Minimum: 1A-F, 2A-F. 
Average: 1-2. Maximum: 1-2. 
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Solving Story Problems 


A thermometer is used 

to measure temperature. 
The unit used in most 

of the world to measure 
how hot or cold it is is 

the degree Celsius. On the 
Celsius thermometer normal 
body temperature is 37°C 









Water boils at 
this temperature 


Normal indoor 
temperature 


(read 37 degrees Celsius); Water freezes at 
normal room temperature this temperature 
is 20°C. 


1. On the Celsius thermometer 
what is the boiling point of 
water ? the freezing point of 

s00° 
water 29° 

2. How many degrees Celsius greater is the boiling point 
of water than the freezing point of water ? joo? 


3. Which of the following temperatures 
best describes a hot summer day in 
your town? a 5°C e110°C 


4. If it were snowing outside, which of the following would 
best describe the temperature 20°C) B10°C c20°C 





5. If you were sick and had a fever, which of the 
following would best describe your temperature ? 


a100° 870°C 


6. Which of the following best describes the temperature 
in your classroom ? a 10°C c 30°C 
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Using the Exercises 
For page 237, study with the chil- 
dren the thermometer and the ex- 
planatory paragraph. Display actual 
thermometers if possible. Encourage 
them to discuss the various tem- 
perature facts that they may know 
already. Be sure to stress the boiling 
and freezing points of water, and 
typical indoor temperatures. 
Following this introductory dis- 
cussion, have the children do the 
exercises. 


Assignments (page 237)* 


Minimum: 1-3, oral. Average: 1-4G. 


Maximum: 1-4. 


Follow-up 

Real thermometers—outdoor and in- 
door; alcohol or mercury; liquid or 
dry; house, clinical, or scientific— 
make excellent physical models 
for a wide variety of mathematical 
applications. Encourage the children 
to bring examples from home and 
use them for experiments such as 
making graphs to compare data and 
so on. Recording the outside tem- 
perature at the same time every day 
would involve all students. More 
advanced children could be intro- 
duced to the weather map in a daily 
paper. 


Resources for Active Learning 

Franklin Series: Learning About 
Measurement, pp. 86-90, Lyons 
and Carnahan. (Temperature 
measurement) (Available from 
McGraw-Hill Ryerson) 

Measure and Find Out, Book 1, 
Activities 20, 21, 23; Book 2, pp. 
21-22, Scott Foresman. (Avail- 
able from Gage Educational) 


Duplicator Masters, page 46 
Workbook, pages 75-76 
Skill Masters, page 46 
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PAGES 238-239 
Objective 

The child will demonstrate his 
ability to work with the concepts in- 
dicated for cumulative review and with 











jaa! ci ga as a Gs 1. Give the correct number for each red digit. 
ie a In exercise a the 8 means 8000. 
Preparation a 4378 615 8000 c 6 389 7416 000000 E 4250 6970 
To prepare for this lesson, provide p 64124752¢0000000 p 30265180 e 97 643 287 
a short review session of any topic 7000 000 
OG pote MON CG tat 2. Find the sums, differences, and products. : 
ticularly troublesome. For example, 
; aA 6728 B 8436 c 432 pd 8463 —E 7062 
you might choose to have the chil- 
+9357 — 2759 x 65 +9287 — 888 
dren work through one or two ie one Sasa Baan ee Boia: 
problems of multiplication with 2- or 
3-digit multipliers, while you review F 745 « 8469 H 8002 1 846 s 764 
the steps on the chalkboard. You x 63 +7531 — 6457 x 352 x 803 
might also use this time to review 3008 ieoog Ase BUT (Ok C15 492 
briefly a few of the measurement con- % 3. Look at the red segment and its length. Then use that length 
cepts which were developed in to estimate the lengths of the other segments. 
Chapter 1. 5 
A Gn hG 3 = ee Vee eee B > 
cll 
oY Aelia ae eerste E+. 


ye 4. Look at the red figure and its area. Then use that area 
to estimate the areas of the other figures. 


A7 








Discussion when they have finished, allow time 
Before assigning page 238, you might for discussion and checking papers. 
ask the children to do a few parts of 
exercise 3 orally. In this exercise the 

children observe that the unit length 

is given in terms of 5 units; from this 

they must judge the length of the 

other segments. The required esti- 

mates are not easy, but the children 

should find the challenge thought- 

provoking and enjoyable if you 

assure them that their estimates need 

not be very precise. For example, 

consider 5, 6, or 7 as quite acceptable 

guesses for exercise 3A and anything 

from 10 to 13 as a good guess for 

exercise 3C. Have the children do 

the rest of the page on their own and, 
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Solving Story Problems New Br unswick and the Yukon 


ee 













72 586 km? 530 114 km? 
Population 634 557 ioe rots) 
(1971 census) 
Average temperature 4°C (Fredericton) -5°C (Whitehorse) 


Mt. Carleton Mt. Logan 
807 metres 5955 metres 


1. How many more square kilometres are in the Yukon than in New 
Brunswick ?457 522 km2 





Area 









Highest point 





> 4 
° 


2. a How many more people lived in New Brunswick than in the 
Yukon in 1971 ? 6lé 219 ; 
B How many lived in the two areas together ? 652 895 


3. Mt. Logan is the highest point in Canada. Mt. McKinley is the 
highest point in North America. Mt. McKinley is 6096 metres 
high. How much higher is Mt. McKinley than Mt. Logan ? !4i » 


4. Ontario is approximately two times the size of the 
Yukon. What is the approximate area of Ontario ? About | 060 000 km? 
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Using the Exercises 
Study with the children the maps 
and the table at the top of page 239. 
Most children will be familiar with 
the concept of negative temperature. 
Simply treat this as a symbol for so 
many degrees “below. zero”, and do 
not enter into a detailed discussion 
at this time. You might have the 
children do some research in an en- 
cyclopedia or almanac about facts 
such as dates when various prov- 
inces joined Confederation, geo- 
graphic features, and histories of 
these and other areas of Canada. 
Encourage them to make up prob- 
lems of their own with these facts. 
The children may benefit from group 


work both for the problems on this 
page and for making up their own 
problems. Whichever way you treat 
this page, as group activity or as in- 
dependent work, allow time for dis- 
cussion when all have finished. 


Follow-up 

You might encourage children to do 
research regarding their own prov- 
ince in comparison with New 
Brunswick or the Yukon. They 
might also do research regarding 
the area in square kilometres of 
their city or county to help them get 
some idea of the size of a square 
kilometre. 
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PAGES 240-241 
Objective 

Given division exercises in which 
the divisor is a multiple of 10, the 
child will be able to find the quotient 
and remainder. 


Preparation 

Conduct a short oral practice to 
review products with multiples of 10 
as factors. For example, ask the 
children to give products such as 
5 X 70, 6 X 80, 4 X 90, 3 X 70, and 
4X 60. Follow this with products 
such as 10 X 10, 20 X 10, 40 X 20, 
AOS 30; *50° X60," 70 XK 20> arid 
90 X 30. You might also have them 
give the missing factor in equations 
such as n X 80 = 240, n X 30 = 210, 
n X 70 = 6300, n X 50 = 3000, and 
n X 40 = 2400. 


240 








240 
Discussion 
Although page 240 is entitled “Dis- 
cussing the Ideas,’ it includes 


exercises of the investigative type. 
Have the children try the questions 
before you check the answers. Chil- 


dren may approach these problems 


differently. In exercises 1 and 2 some 
may begin to subtract 30’s from each 
of the numbers; some may think of 
missing factors and use multiplica- 
tion. You might: choose to have 
children work together in groups of 
three or four to answer other ques- 
tions that you put on the chalkboard, 
such as: 

Can you find how many 40’s in 
240? how many 20’s in 400? how 


2. How can you find how many 
thirties are in 1500 ? 
Check your answer by using multiplication. 


quotient and remainder in this problem. 


Discussing the Ideas 
1. a What is the number for n?5 
B How many thirties in 150 ?5 


it x 30 = TOU 
30)150 
50 Think: 


30)1500 


3. Study the example below. 


Use the method above to find the quotient 
and remainder in this problem. Check your 
answer with your teacher. 


7 


@ How can we divide by multiples of 10? 


Since 150+30=5, 
1500+30=50. 








4 








many 40’s in 1760? how many 70’s 
in 3640? how many 50’s in 2500? 
Have the children study the exam- 
ple in exercise 3, and discuss it with 
them before they try the suggested 
problem. Since this example deals 
with quotients that are less than 10, 
you may want to assign problems 1 
and 2 on page 241 before discussing 


- exercise 4 on page 240. After you 


have discussed exercise 4, which 
deals with 2-digit quotients, the re- 
mainder of the exercises on page 241 
might then be assigned. 


80)5920 
5600 


320 
320 


®O®@ 


° 





Using the Ideas 


1. For each exercise, when you find the largest whole number that 
makes the sentence true, you will have found the quotient. 
Write the quotient and remainder for each division problem. 


A 6eRiz2 Ill x 30 < 192 





30)192 


B 5Ri7 lll x 60 < 317 
60)317 





. Find the quotients and remainders. 


aA 20)1909RIO_ ~=B 30)1806 ec 40)2977RI17 
—E 80)2302rR70 fF 50)4158ri5 «4 70)5798RI19 


. The largest number in {10, 20, 30, 40, .. .} that makes the 
sentence true is the quotient. Find the quotient and remainder 


for each division problem. 
aA 20R27 || x 30 < 627 
30)627 


B  7oRolll x 20 < 1406 
20)1406 





. Find the quotients 
and remainders. 
4ORI6 


___40 
a 30)1200 B 20)816 
50R36 ORSE 
c 40)2036 p 50)2536 
__990R8 —___ 70R35 
E 20)1808 F 40)2835 JN 





6ORT2 TOR31 
« 90)5472 H 60)4231 
—_23 J 74 
1 30)690 Js 70)2240 
1] G4 == iS 
Kk 50)3200 t 40)2640 
—_. 65 peel 


m 80)5200 n 70)5670 


Using the Exercises 

Work through as many exercises as 
you consider necessary. Point out 
that the remainders now may be 
larger than in previous exercises be- 
cause the divisors are larger. Also 
note with the children that the sub- 
traction procedure applies in this 
division as it did previously. Also 
point out the role of the inequalities 
in Exercises 1 and 3: finding the 
largest multiple of the divisor that 
is less than the dividend is the way 
to find the correct quotient. 


p 70)2203RI0 
H 40)3177R37 













Solution, Think, page 241 


Sample Figures 


Assignments (page 241)* 
Minimum: 1-4F. Average: 1-4. 
Maximum: 1-4. 


Follow-up 

For further practice in finding the 
largest multiple of a number for a 
missing quotient, write exercises like 
the following on the chalkboard, or 
duplicate a worksheet of problems 
similar to these. 


DIVIDEND equals DIVISOR times 
QUOTIENT plus REMAINDER. 

234 = (40 x __) + —— 

492° = (70 K —) + —— 

87a =160 62) se 

189) =) (20/ <p) of 

1583 =1(80 X=) = 


891 =(00,% «) += 
562 = (80 X __) + __ 
637 = (_. x 9). bs 
804 = (90 X _) + —_ 
285 = (10 X __) + __ 
ASW ah see. 8) eae 
386 = (80 X __) + __ 


Duplicator Masters, page 47 
Workbook, page 77 
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PAGES 242-243 
Objective 

Given division exercises with 2-digit 
divisors which have quotients less 
than 100, the child will be able to find 
the quotients and remainders. 


Preparation 

Since familiarity with products such 
as 20 X 60, 80 X 30, 40 X 50, and 
90 X 70 is needed for successful work 
with larger divisors, give the children 
plenty of oral practice in finding these 
products. Also, have them find miss- 
ing factors in equations such as 
n X 80 = 2400, 50 X n = 3500, 90 X 
n = 6300, and n X 60 = 4800. 


Investigation 

Explain to the children that in this 
investigation they will have a chance 
to try division with 2-digit divisors. 
Observe with the children that the 
problems in the investigation all have 
the same dividend. Also have them 
note that the divisors they will use 
are near 30, a kind of divisor with 
which they worked in the previous 
lesson. Remind them that division is 
basically a subtraction process. Then 
have the children work in groups of 
three or four, discussing how they 
might find the quotients. 

If children understand division 
well enough as a subtractive process, 
they should be able to find these 
quotients even if they do not relate 
the investigation problems to the 
quotient, 1423 + 30. However, some 
may realize that, if 40 thirties can be 
subtracted from 1423, then at least 
40 twenty-sevens can be subtracted 
also. This kind of thinking will help 
children with their first quotient 
estimate. 
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@ Let's explore 2-digit divisors. 


Investigating the Ideas 


You know how to find 


> 30)1423 
1 


200 <— 40 x 30 


this quotient. 


Can you find these quotients ? [=> 32)1423 and 27)1423 


47 R 13 


223 


13 


A4RI5 


See Investigation and Discussion. 


Discussing the Ideas 


1. Explain why one of the quotients in the Investiga 
than 47 and the other is less. See Discussion. c 


2. How would you improve Dick’s method 


of finding how many forty-ones in 258 ? 
Sample answer: Subtract more than 2 


forty-ones ata time. 


. Explain how the examples below can help 
you with your first quotient estimate. 


30n x 21 < 624 


29 RIS 
21)624 


Discussion 

Have children explain how they 
found the quotients in the investiga- 
tion. Use exercise 1 to help them 
relate these quotients to the quotient, 


1423 + 30. Use the following solu- 


tions as a basis for discussion. 


44, R15 52, R19 
32) 1423 27) 1423 
1280 1080 = 49) 
143 343 
128 <Q 270 
gE Lis 
54-2") 
19 


Help the children see that the 


20x Oo =< 1357 


23 
59)1357 





method of division used with 2-digit 
divisors is basically the same as that 
used with multiples of 10. Also stress, 
as exercise 3 suggests, that thinking 
of a 2-digit divisor in relation to a 
multiple of 10 makes the first quo- 
tient estimate easier. 

As you discuss the solution for 
1423 + 27 given here, and Dick’s 
problem in exercise 2, point out that 
the longer methods are correct but 
can be shortened. Help the children 
realize that they should strive to 
make their first quotient estimates as 
large as possible, but do not expect 
them to become adept rapidly in this 
skill. This lesson does not seek to 
develop speed skills. Many of the 


210 <—7 x 30 (7) 


tion is more 


Find the quotients and remainders. 


1. 


5. 


3 


13. 
wr. 











(2) 4Ril 3R15 
21)126 2. 41)175 3. 52)156 4. 59)192 

8RB 23 25 
69) 560 6. 21)630 7. 59)1357 8. 42)1050 

53 67 23 
38)2014 10. 51)3417 992931 )372 12. 42)966 

3! 37R43 32 2\ 
54)1674 14. 87)3262 15. 26)832 16. 91)1911 

20 35 48 46R36 





78)1560 18. 69)2415 19. 72)3456 20. 88)4084 


Short Picture Problems 





More practice, page A-24, Set 44 


children will be fairly slow and awk- 
ward at finding these quotients. It 
is more important that they do cor- 
rect work even if their methods are 
longer. 





Using the Ideas 














Using the Exercises 

You may consider it necessary to 
present a few of the exercises on page 
243 as demonstrations. Then assign 
only selected exercises so that the 
children will have time to finish. 
The short picture problems give 
children an opportunity to use their 
division and multiplication skills in 
a different context. When they are 
finished, have some children explain 
their work to the whole class. 


Assignments (page 243)* 

Minimum: 1-10; picture problems, 
oral. Average: Even-numbered prob- 
lems; picture problems 1-4. Maxi- 
mum: All. 


Follow-up 

Now that the children have a certain 
facility with all four basic operations, 
suggest that they make up short 
picture problems involving any of 
the operations. They may write these 
on assignment cards or on paper to 
exchange with classmates. 


Resources for Active Learning 
Mathematics in Modules, WN21, 
Addison-Wesley. 


Duplicator Masters, page 48 
Workbook, pages 78-80 
Skill Masters, page 48 
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PAGES 244-245 
Objective 

Given word problems which require 
division, the child will be able to solve 
the problems by finding the quotients. 


Short Stories 
260 minutes. How many full 
hours ? How many extra minutes? 


60 minutes — 1 hour. 
180 minutes. How many hours ?3 


Preparation 

To prepare for this lesson, give the 
children practice in making first 
quotient estimates. For example, you 
might write problems such as 


7)324 80)5321 47)135 54)9142 


1 fathom—~ about 2 metres. 
18 fathoms. How many metres 736 
rA 200 days. 
o S— How many weeks 728 
How many extra days 24 









4 FATHOM 1 coffee urn——~12 cups of coffee. 
72 cups needed. How many urns ?6 
Relay team —- 4 runners. 


112 runners. 12 flowers ——1 dozen. 

How many teams ? One bush: 72 flowers. 
28 

How many dozen ?6 


and ask children to give a first quo- 
tient estimate for each. Have them 
give reasons for their choices. For 
instance, for 47)135, they might 
say, “2, because 2 times 50 is less 
than 135,” or for 80)5321, they 
might say, “60, because 60 times 80 
is less than 5321.” 





24 hours — 1 day. 
198 hours. How many full days ?& 


365 days——1 year. How many extra hours ?6 


How many weeks ?52 
How many extra days ? 4 





hs 
O Run 1500 metres. How many 
centimetres ?\50 c00 
#), 60 seconds — 1 minute. 
£2058 seconds. How many full 
minutes ? How many extra 
seconds ?34 min 18 sec 


34 children——1 classroom. 
| 272 children. How many classrooms ? 


* V4 780 maples ——1 square kilometre. 
Park: 4680 maples. How many square kilometres ? é 


52 weeks—— 1 year. 

] 332 weeks. 7 ¥ 
How many full years ? 6 
How many extra weeks ?20 
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Discussion 

You may want to work two or three 
of the problems on page 244 with 
the class. Then have the children do 
the remaining problems independ- 
ently. 

Note that for starred exercise 14, 
the children must divide 4680 by 
780. Those children proficient with 
the division algorithm will see how 
to do this with a series of approxima- 
tions. For example, one child may 
subtract 2 x 780 until he gets a 
remainder that is less than 780. An 
exercise such as this will test the 
children’s understanding of division. 
Do not attempt to give rules for solv- 
ing this exercise. However, some of 


the children may recognize that they 
can simplify their work by consider- 
ing 468 + 78 instead of 4680 + 780. 


Assignments (page 244) 
Minimum: Odd-numbered problems. 
Average: 1-13. Maximum: 1-14. 





1. A locomotive similar to the one shown in the picture above 


was invented in 1829. How many years ago was this ? 
Answer depends on date solved. 


2. The sleeping section of a modern passenger train is about 147 metres 
long. If each sleeping car is 21 metres long, how many cars are there ?7 


3. A passenger coach holds 70 people. If 253 people are in 
passenger coaches on the train, how many full passenger 
coaches could there be ? How many extra people would 
there be for a partly filled passenger coach ? 3 full; 43 extra people 


4. A boxcar is 12 metres long. A train has a boxcar section 
that is about 276 metres long. How many boxcars are in the section ? 


23 
5. There are 8 tractors on each flatcar except the last. There are 


543 tractors in all. 
a How many full flatcars are there ? 67 
s How many extra tractors are left for the last flatcar ? 7 


6. Rails about 12 metres long are put end to end to make one side of a 
long railroad track. How many rails are needed to make 1kilometre of 
one side of a track 784 


7. The average speed of a fast passenger train is 130 kilometres 
per hour. How many hours does it take to go 3250 kilometres ?25 


More practice, page A-24, Set 45 D445 


Using the Exercises 

The exercises on page 245 are also 
intended to be worked independently. 
Be careful in exercise 6 that the chil- 
dren understand why the answer is 
84. Actually, 83; rails are needed 
but the rails cannot be broken. Fol- 
low their completion with discussion. 
If the discussion generates an in- 
terest in trains, their history, or in 
transportation of various forms, en- 
courage children to pursue their 
ideas with research. Word problem 
sets such as these are intended not 
only to provide practice in mathe- 
matics but also to serve as motivat- 
ing factors for the children’s general 
learning. 


Assignments (page 245) 


Maximum: 1-7. 


Minimum: 1-7, oral. Average: 1-7. 


Follow-up 

Encourage children to make up short 

story problems of their own. Also, 

suggest that they write problems in 
relation to any new facts they find 
in their research. 

Resources for Active Learning 
[These resources offer a variety of 

measurement activities. } 

Applied Mathematics Cards, Group 
1/4, Schofield and Sims. (Avail- 
able from Mafex Associates, 
Willowdale) 

Franklin Series: Learning About 
Measurement, pp. 60-73; 81-84, 
Lyons and Carnahan. (Available 
from McGraw-Hill Ryerson) 

Math Activity Cards, C23, 28; D25, 
Macmillan. 

Nuffield Project: Computation and 
Structure 2, pp. 6-41, Wiley. 


Duplicator Masters, page 49 
Workbook, page 81 
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PAGES 246-247 

The child will demonstrate his abil- 
ity to work with the concepts presented 
in this chapter. 


Preparation 

Use the preparation time to review 
any concept with which the children 
had particular difficulty. For ex- 
ample, you might conduct an oral 
session to review estimating multi- 
ples of 10, using problems such as 
n X 80 = 5600, n X 38 < 2000, n X 
60 = 3600, and n X77 < 3200. Or 
you might review the concept of 
finding the average or performing 
the division algorithm. In any case, 
remember that the preparation 
should be kept short. 
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1. Copy each exercise and find the 
quotients and remainders. 


Check your work. 











_ZO aes _I3R3 
a 3)60 B 4)72 c 5)68 
43 61 R: 83 
p 6)258 E 7)430 F 8)664 
234 537 873 RI 
« 9)2106 u 7)3759 1 6)5239 
een Hi ___6R3 
y 32)224 « 68)476 1. 91)549 
* 43 * 47 * 89 
m 35)1505 n 53)2491 o 76)6764 

















2. a 35 nines can be subtracted from 315. Give the quotient for 315 + 9.35 
Bs Start with 612. Subtract 50 x 9. Then subtract 10 x 9. 
Finally subtract 8 x 9. Give the quotient for 612 ~ 9.c2 
c Start with 5799. Subtract 40 x 87. Subtract 20 x 87. 
Subtract 6 x 87. Give the quotient for 5799 = 87. Give the remainder. 


3. The bar graph shows the 


weights of 7 fourth-grade Carl 

children. Give the average Ben 

weight of these children. Ann 
tA Kg 


George 
Fran 
Ellen 


Diane 


25 30 35 40 


4. The U.S.S. Skate was the first atomic submarine to cross the 
Atlantic Ocean both ways submerged. The Skate went about 5058 
kilometres in 9 days. About how many kilometres was this each day ?5¢2. 
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Discussion 

If you plan to use page 246 as an 
evaluation page, make sure children 
can read the bar graph in exercise 3. 
Exercise 3 may cause problems for 
some children. Fran’s weight is 34+ 


kg. The sum of the 7 weights is 


2415 kg. In dividing 2414 by 7, 
confusion may result when the re- 
mainder appears as 34. Some chil- 
dren will recognize that 34 is one 
half of 7 but do not require the 
answer 34! kg. If the children ap- 
proach this or if they round off 
Fran’s weight to 35 kg and the 
average to 35 kg, accept this. 

You may choose to assign only 
parts of exercise | to some children, 


to give them sufficient time to work 
out the long division. 

The Think problem uses the term 
“come out even,’ which may be 
unfamiliar to the children. You 
might explain that when the remain- 
der of a division: problem is zero, 
the division is said to “come out 
even.” The children should be able 
to solve the Think from the main 
clue in the first line. You may help 
the children with this Think by 
pointing out that the answer is not 
a number. 





45 Kilograms 





Solving Story Problems 


Poets AND seas 7a 


1. The ages, weights, and heights 
of the first 7 United States 
astronauts (when they joined 





Carpenter 


Follow-up 
While the children’s interest is at a 
high level, you may wish to continue 
to provide information about space 
and allow them to make up more 
problems which will require analysis 
and many operations to solve. 

For example, use the following 
data to stimulate ideas for word 
problems. 


Planet Diameter 
(in kilometres) 


Planet Diameter 
(in kilometres) 


the space program) are given in Mercury 4849 Uranus 49749 
the table. Give these averages: Pluto 5957 Neptune 53 130 
A average age of the first 4 ; Mars 6794 Saturn 120911 
astronauts in the list 34 Grissom Venus 12210 Jupiter 139 748 
B average weight of the 5 Schirra Earth 12 762 
youngest astronauts About 7! | Shepard 
c average height in centimetres | Slayton 


of the 2 lightest astronauts 
About 17] 


Cooper 
Glenn 


Resources for Active Learning 
[These resources provide graphing 

activities. | 

Applied Mathematics Cards, Group 
1/ 23-26, Schofield and Sims. 
(Available from Mafex Asso- 
ciates, Willowdale) 

Developmental Math Cards, G°15, 
Addison-Wesley. 

Math Activity Cards, C6, Macmillan. 


Workbook, page 82 





2. A satellite in orbit travels about 28 000 kilometres s 
per hour. How far does it travel in 8 hours ? 224 000 km 





3. A satellite in orbit travels about 8 kilometres per second. The airline 
distance from Vancouver to St. John’s is about 7760 kilometres. 
A About how many seconds would it take the satellite 
to go over Canada ? 970 
sB About how many minutes ? ;< 





4. In one of the manned satellite flights it took about 88 minutes 
for the satellite to make one orbit of the earth. ( 
a If 1936 minutes had passed since launch time, about 
how many orbits would have been made ?22 
% s If the astronaut slept for 8 hours while in orbit, 
about how many complete orbits did he make while asleep ?5 
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Using the Exercises 

Have the children do the exer- 
cises on page 247. When they have 
finished, encourage discussion not 
only to point out the mathematical 
understandings but also to stimulate 
interest in space flights, their history, 
and related data. The diverse topics 
and facts covered in these exercises 
tend to heighten the children’s 
interest and enjoyment, which are so 
necessary to successful learning. 
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PAGES 248-249 
Objective 

The child will demonstrate his abil- 
ity to work with the concepts indi- 
cated for cumulative review. 


Preparation 

Unless you recognize a specific con- 
cept that you feel you should review 
with the children before they start 
page 248, use the preparation time 
to introduce page 249. For example, 
ask the children what time it will be 
five hours from now, ten hours from 
now, 12 hours from now, 24 hours 
from now, one day and six hours 
from now, etc. 
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1. Write the sign (<, >, =) that should go in each il. 


a 25 + 24 ill 23 + 26 = 


Bp 99x 7 ill 700 < 
c 51x 4 ill 200 > 


p 840 ~ 6 ill 840 + 7> 
e 24 x 36 if 36 x 24= 
F 387 + 49 if) 48 + 388= 


2. Pretend that a unit has been chosen and the lengths, widths, and 
areas of the rectangles are as given. Find the missing numbers. 


13 








3. Find the sums. 


A 23 B 613 
40 492 
56 876 
35 37 
49 4023 

Zo03 O04! 


p 13 + 258 + 87 + 5976 + 503 
6837 
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Discussion 

Assign page 248 as independent 

work and follow up with discussion. 
If any children had difficulty find- 

ing the areas in exercise 2, you might 

draw a gridded rectangle with dimen- 


sions of four and five. By being able 


to see the grid and count the squares, 
the children can observe how multi- 
plication is used to find the area of 
a rectangle. 

When discussing the Think prob- 
lem, ask children for reasons for 
their answers. Help them observe 
that since the number has to be four 
less in order to be four more than 
the given sum, it must be eight more 
than the given sum. 


p 1548 


width: 43 


c 70 


length: 36 length: 2 













width: 35 | area: | 


E length: |llll @F 


width: 9 








a 





Solving Story Problems Clock Pr oblems 


For exercises 1 -4, it is 2:30 in the afternoon. 
1 


* 6. 


In how many hours will it be 
a 5:30 in the afternoon ?3 

B 7:30 inthe evening ?s5 

¢ midnight? o!, 





In how many minutes will it be 
a 3:30 in the afternoon ? co 

c 4:47 in the afternoon ? \a7 

E 11:20 at night ?520 


B 6:00 in the evening ?210 
p 7:10 in the evening ?2a0 
F 2:30 the next afternoon 714.40 


Will the minute hand overtake the hour hand 
a inthe next 30 minutes ? yo B inthe next 40 minutes ?\\. 
c inthe next 45 minutes ? No p inthe next 50 minutes ? ves 


How many times will the minute hand pass the hour hand in the next 
a 2hours?z B 3hours?3 c 4hours?2 bp 12 hours ?\; 


It is 5:37 in the afternoon. 

a How many minutes has it been since 2:45 in the afternoon ? \72 

B How many minutes will it be before 

a television program at 7:45 in the evening ? izs 

c How long has it been since breakfast at 7:30 in the morning ?¢.67 min 
or |Ohr Tmin 

If the hands of a clock 

point in the directions 

shown, which hand is the 

minute hand ? 


Answer x or y. 
See Solution, T.E. page 249. 





Using the Exercises 

You may want to discuss page 249 
following the preparation. Most 
children will need to count on the 
clock in order to answer these exer- 
cises. (As a matter of fact, this is a 
method by which many persons fig- 
ure time lengths.) After the children 
have worked through the problems 
on their own or in groups of two or 
three, discuss their answers, asking 
for explanations of how they found 
them. You might point out tech- 
niques such as that of dropping the 
30 minutes in exercise 1 and think- 
ing: 2 to 5 is 3 hours and 2 to 7 is 
5 hours and 2 to midnight is 10 hours, 
so 2:30 to midnight is 95 hours. 


Encourage any similar reasonable 
approaches which the children may 
have used. This entire page is in- 
tended to be treated with a light 
touch. 

Solution, exercise 6, page 249 

Since the y-hand of clock A points 
directly at the three, the time could 
not be a quarter to three; therefore, 
the time must be a quarter after nine 
since the x-hand is slightly past the 
nine. Similarly, in clock B, the y-hand 
must record six or seven minutes 
after 10, because the x-hand is 
slightly past the ten. Thus for both 
clocks, y is the minute hand. 


Follow-up 

The clock exercises on page 249 
might stimulate the children to make 
up word problems in relation to 
telling time. You might suggest that 
they use actual incidents from their 
own experience as a basis for the 
problems. The following sample 
problems might inspire a few ideas. 


1. School bell rings at 8:45. 
Morning recess — 10:00-10:15 
Lunch — 11 :45-12 :45 
Afternoon recess — | :45-2 :00 
Dismissal — 3 :00 
How many minutes are spent in 
class time? 

2. Jack looks at TV shows which are on 
at the following times. 

7:30 A.M.-7:45 A.M. 

5:00 P.M.—5 :30 P.M. 

7:30 P.M.—8 :30 P.M. 
How many minutes does Jack spend 
watching TV? 

Resources for Active Learning 
[These resources present materials 

pertaining to time concepts.] 

Applied Mathematics Cards, Group 
1/16-19, Schofield and Sims. 
(Available from Mafex Asso- 
ciates, Willowdale) 

Franklin Series: Learning About 
Measurement (Roman Numerals), 
pp. 74-80, Lyons and Carnahan. 
(Available from McGraw-Hill 
Ryerson) 

Franklin Series: Patterns and Puz- 
zles, p. 47-48, Lyons and Carna- 
han. (Available from McGraw- 
Hill Ryerson) 

Freedom to Learn, pp. 134-139, Ad- 
dison-Wesley. 

Math Activity Cards, C31, 32, Mac- 
millan. 

Measure and Find Out, Book 1, 
Activities 14-17, Scott Foresman. 
(Available from Gage Educa- 
tional) 

Nuffield Project: Computation and 
Structure 2, pp. 82-90, Wiley. 
Nuffield Project: Prob/lems—Green 

Set, No. 14, Wiley. 


Duplicator Masters, page 50 
Skill Masters, page 50 
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CHAPTER 11 


Number Theory 


Pages 250-261 


General Objectives 
To provide experiences with odd_and 
even numbers 
To introduce some properties of num- 
ber endings 
To explore sums and products involv- 
ing odd and even numbers 
To provide experiences with multiples 
and factors 
To provide experiences with prime 
numbers and composite numbers 
The first lesson of the chapter is 
devoted to work with odd and even 
numbers. The next two lessons 
emphasize concepts_of factors and 
multiples and then concepts of com- 
mon factors and greatest common 
factors. Following a methodical 
‘introduction to prime numbers, ma- 
terial is provided for general work 
with some prime-number concepts, 
including prime factorization. 


Mathematics 
Following the definitions of even, 
odd, and prime numbers, we give 
examples to illustrate each set of 
numbers defined. 
The even numbers are the set of 
all numbers x such that x = 2 Xn 
where 7 is a whole number. 
Note that: 
n=0->x=0 
n=lox=2 
n=2—-x=4 
n=3—->x=6 


The odd numbers Era the set of all 
whole numbers x such that 


x=(2Xn)+1 
where v is a whole number. 
Note that: 

n=0->x= 1 

n=l x=3 


n=2—>x=5 
os), 


The set of prime numbers is the set 
_of all whole numbers x such that 
x has exactly two factors. 
Thus: 
2 is a prime number (factors: 2, 1). 
3 is a prime number (factors: 3, 1). 
5 is a prime number (factors: 5, 1). 


T249A 


7 is a prime number (factors: 7, 1). 
11 is a prime number (factors: 11, 1). 


Note that: 
0 is not prime (factors: any whole 
number). 
1 is not prime (factor: 1). 
6 is not prime (factors: 1, 2, 3, 6). 
25 is not prime (factors: 1, 5, 25). 
91 is not prime (factors: 1, 7, 13, 91). 
The whole numbers which are 


greater than 1 and have more than_ 


two factors are called composite 
numbers. Thus, 6, 25, and 91 are 
examples of composite numbers. If a 
number is a composite number, then 
it may be expressed as a product of 
prime numbers in exactly one way 
(though the order of the factors may 
vary). 
Thus: 30=2xX3X'5 
48=2X2X2X2X3 
100 = 2322 KS 3 

These examples illustrate a basic 
property of the whole numbers which 
is sometimes called the Fundamental 
Theorem of Arithmetic or the Unique 
Factorization Theorem. 


Teaching the Chapter 

Materials 

Overhead projector (if available) and 
transparencies 

Vocabulary 

common factor 

composite number 

even number _. ¥ 

factor 

greatest common factor 


multiple _ 
odd number ; 
perfect number 


Multiple, factor, and prime are 
important concepts in the study of 
arithmetic and will come up again 
and again in Books 5 and 6 of this 
series. An important use of these 
words arises in the development of 
fractions and fractional numbers. 
The concept of greatest common fac- 
tor is developed in preparation for 
reducing fractions to lowest terms. 
In Book 5, we will be concerned 
with the least common multiple, 
which leads toward the concept of 
lowest common denominator for 
addition of fractional numbers. 


~ 


prime number ,/ 


Lesson Schedule 

This chapter is designed to be covered 
_in about a week. However, you may 
wish to adjust this schedule to allow 
for the interest and motivation of 
your children. If the children are 
highly stimulated by the ideas pre- 
sented here, it will be desirable either 
to spend more time each day on the 
lessons or to allot an extra few days 
to the chapter. 


Evaluation of Progress 


Although you should attempt to 


evaluate both understanding and 
mastery of certain fundamental con- 
cepts in this chapter, keep in mind 
that an overall purpose of the chap- 
ter is to arouse interest and stimulate. 
the children in their study of arith- 


_ metic. When evaluating children’s 


achievement, you should expect a 
certain amount of mastery in such 
areas as knowing and recognizing 
odd, even, and prime numbers; 
understanding the concepts of factor 
and multiple; and being able to find 
the greatest common factor of two 
numbers. You can best judge whether 
or not children understand the ideas 
presented by observing their remarks 
and their participation in discussions 
on a given topic on a day-to-day 
basis. 

You will probably find that those 
children who are adept in mathe- 
matics will become quite excited as 
they work with the ideas developed 
in this chapter, but it is not an easy 
chapter. Thorough class discussions 
can do much to keep weak “math- 
ematicians’”’ from becoming discour- 
aged by the more difficult concepts. 
You should try not to exhibit such 
concern with their progress that they 
feel that the entire chapter is a lost 
cause for them; certainly, there is 
much in the chapter from which they 
will benefit. We also suggest that 
you keep in mind that we do not 
expect that all children will master 
all the concepts presented in the 
chapter. The children will vary widely 
in their ability to handle this material. 








Resources for Active Learning Nuffield Project: Computation and PATTERN GAMES 


Structure 3. “Factors and . : 
Haar Hoolim Perception Games 


GENERAL ACTIVITIES ; ” bs : 
Erion wie Obie) Yaad (Selective Educational Equipment) 
Nuffield Project: Computation and COMMERCIAL GAMES MEM (Math Media; Selective Edu- 
Structure 2, “The ‘100’ Square,” Domino Number Games, Factors cational Equipment) Switch 
pp. 51-57, Wiley and Multiples (Heath) (Kohner Bros.) 
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PAGES 250-251 
Objective 

Given a number written in base-ten 
notation, the child will identify it as 
even or odd, and will use this skill to 
develop rules for sums and products 
of even and odd numbers. 


Preparation 
Materials 
colored strips 

To prepare for this lesson, you 
might refer to the strips and ask 
children. to recall some of the uses 
they have made of them, such as for 
measurement and for constructing 
triangles and quadrilaterals. 

If you prefer, you might omit any 
preparation and begin immediately 
with the investigation. 


Investigation 

In this investigation children con- 
cretely explore the distinctive proper- 
ties of odd and even numbers. The 
even-number strips (2, 4, 6, 8, 10) 
can be matched with two strips of 
equal length (the I-, 2-, 3-, 4-, and 5- 
strips respectively.) There are notwo 
strips of equal length which can be 
matched with any of the odd-number 
strips. This investigation should help 
children realize that even-number 
strips may be matched with 2 equal- 
length strips, and odd-number strips 
can never be matched with just 2 
equal-length strips, Every pair of 
equal-length strips must add on a 
single-unit strip in order to match 
an odd-number strip. 

You might want the children to 
work as partners for this investiga- 
tion. Make sure they understand 
what they are being asked to find, 
but allow them considerable freedom 
in working through the investigation 
themselves. Have children record the 
results of the investigation individu- 
ally. For example, they might record 
the strip being considered and those 
that they matched with it. 


3— two |-strips + 1 


2X 1)+1=3 
4— two 2-strips 
(2X 2)=4 
5 — two 2-strips + 1 
(2X2)+1=5 
and so on. 
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Number theory 


@ How are even and odd numbers different? 


Investigating the Ideas 


The 8-strip matches 
two strips that are 
the same length. 


The 9-strip will not 
match two strips that 
are the same length. 





| 
] 
3 
. . 2-,4-,6-, and |0-stri | 
What other strips can be matched with Z he 
See Investigation. 


two strips that are the same length ? 








Discussing the Ideas 





> A number that is 
1 + (an even number) 
is called an ODD NUMBER. 


> A number that is 
2 x (a whole number) 
is called an EVEN NUMBER. 










1. If you had strips for numbers up to 30, which strips would be 
like the 8-strip ? like the 9-strip ? From the definition | 
above, which numbers are odd ? even ? “19,21, Wit 







(9,21, 23,25, 27,29 









2. Study this sequence of even numbers. 


0,2,4,6,8,10,12,14,16,18, 20,22,24,26,28,... 
tens twenties 









What is true about the last digit of an even number ? 
It is 0,2,4,6, or 8. 


3. What is true about the last digit of an odd number ? 
Lt is 1,3,5,7, or 9. 







In exercises 2 and 3 the skill of 
quick recognition of even and odd 
numbers by means of the last digit 
is developed. Note that the develop- 
ment toward understanding the defi- 
nition of even and odd numbers 
precedes development of the skill in 
recognizing even and odd numbers. 


Discussion 

Give children an opportunity to 
share their results for the investiga- 
tion. Relate each matching with the 
definitions given in the text, as in the 
equations shown. Then, when you 
discuss exercise 1, lead the children 
to think in terms of matching strips 
of equal length. For example, 14 is 
like the 8-strip; that is, 14 is even 
because two 7-strips would match 
a 14-strip; 25 is odd because two 
12-strips plus one I-strip would 
match a 25-strip. Also point out that 
0 is even because 2X0=0. The 
emphasis here is on the definition of 
even and odd numbers. 





* 4, 


Write O (odd) or E (even) 
for each space in the tables 
at the right. 


Using the Ideas 


EE 
@ 
EJ 


bo 
Za 
iE) 
8 
iS 
8 | 


oo eee eee 


a How many sums are there in the blue addition table ? ioo 


How many of the sums are even numbers ? 50 


c How many of the sums are odd numbers ?50 


a Howmany products are there in the yellow multiplication table ?i00 


How many of the products are even numbers ?75 
How many of the products are odd numbers ? 25 


In the multiplication table, the 2 row contains only even 
numbers. Give the other rows that contain only even numbers. | 
Are there any rows that contain only odd numbers ? No 

Give a row that helps show that an even number times 

any number gives a product that is an even number.é row, & cow 
Does an odd number times any number give a product 


that is an odd number ? No ; the product ofan odd number 
an even number is eve 





251 


Using the Exercises 

You might treat page 251 as an 
activity page and have children work 
together in small groups. However, 
it is important to allow time for 
discussion of the children’s conclu- 
sions. Pay special attention to the 
tables for exercise 4. Help the 
children realize that the tables, when 
correctly completed, show rules for 
all even (E) and odd (O) numbers. 


Assignments (page 251) 


Minimum: 1-3. Average: 


Maximum: 1-4. 
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Resources for Active Learning 

Inquiry in Mathematics via the Geo- 
board, *‘Even-Odd Numbers’’ 
Geo-Cards 7/1,2; 8/1,2, Walker. 
(Available from Fitzhenry & 
Whiteside) 

Math Activity Cards, “Odd and 
Even,” B42, Macmillan. 

Nuffield Project: Computation and 
Structure 2 , ‘Closure and Checks 
of Accuracy,” pp. 78-81, Wiley. 

Nuffield Project: Problems—Green 
Set, No. 31, Wiley. 
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PAGES 252-253 
Objective 

Given whole numbers less than 100, 
the child will be able to find the fac- 
tors of the numbers. 


Preparation 

You might want to review the terms 
factor and product before having chil- 
dren begin the investigation. How- 
ever, the terms should be referred to 
only in regard to a multiplication 

Fes Beak 

equation, such as 5 X 6 = 30, in 
order not to preempt the child’s 
exploration in the investigation. If 
you think the children satisfactorily 
recall the meaning of the terms, be- 
gin immediately with the investiga- 
tion. 


Investigation 

Unless the children work extremely 
well together as partners, have them 
do this investigation individually. 
After you have read the opening 
paragraph with them, explain that 
they should work through problems 
A and B and then show all the pos- 
sible answers for C. For those who 
finish quickly, write on the chalk- 
board equations similar to the 
following. 


Supply missing factors: 
OxO=12 
L) XO = 20 


Through this investigation children 
are introduced to the idea that some 
numbers have many factors. The pos- 
sible answers for problem C follow. 





1X 24=24 24X1=24 
2x 12=24 12X2= 24 
a8 24 8xX3=24 
4X6 = 24 6X4=24 


(If a child gives only four equations 
but uses all factors of 24, accept his 
answer as correct.) 
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® Let's explore factors and products. 


Investigating the ideas 


Joan gave Sara these 


problems to solve. 


Sara solved problems 


a and B easily. When 
she tried problem c, 


she stopped and looked 


very puzzled. Do you 


know why ? 


Can you give all the possible answers to problem c ? 
See Investigation. 


Discussing the Ideas 


1. Study the equations in a and B and then give the numbers 


for each lll. 


How do you know that 9 is a factor of 36 ?4«x9=36 


How do you know that 8 is not a factor of 36 ? 
Nx 8=36 has no whole-number solution. 


How many different multiplication equations 


(xi8=18; 2x9=18; 


that have 18 as the product can you find ? 3, e=\a 
Can you list all the factors of 18 ?1,2,3.¢,9,18 


Discussion 

In discussion exercise 1, statements 
A and B explain how to determine 
whether or not a number is a factor 
of another number. The children may 
use the second statement when they 


are trying to decide whether or not 


a given number is a factor of some 
other number. If they cannot find a 
whole number that, when multiplied 
by their number, will give the desired 
number, they should conclude that 
the given number is not a factor of 
the other number. During this dis- 
cussion of exercises 1 and 2, encour- 
age the children to use the terms 
correctly. If the equation is 4 KX 3 = 
12, the children should say, “Four 





and three are factors of twelve,” 
rather than ‘Four and three are 
factors.”” They should say, ““Twelve 
is the product of four and three,” 
rather than simply saying “Twelve 
is the product.” The point to be 
made—not to the children neces- 
sarily, except through emphasis on 
correct usage—is that, since the 
concepts of factor and product are 
relations, it is not quite correct to 
say that a number is a factor. We 
must say that the number is a factor 
of another number. An analogous 
instance, in which the improper usage 
is more obvious, would be the state- 
ment that “The number eight is 
equal.” 


Using the Ideas 


. Write as many different multiplication equations that have 
these numbers as products as you can. Write equations using 
just two factors at a time. See Answers, TE. page 253. 





1x 6a 6 
‘ 6 (Example: eel 3) Pilfudeeae20 2 wD e28 
E> o2 F 30 c 36 H 48 1 100 
a‘ Solve the equation and give two factors of the product. 

A nee bt E5n x 15=755!'5 532m x 1 = 3232)! 

(Answer: 3, 5) F3n x 13 = 393'3 Klen x 2 = 32162 
B9n x 7 = 6327 G¢8n x 9= 7289 L8n x 4= 3284 
cn x5=60!125 u4n x 18=724'8 m3n x 16 = 482'6 
p4n x 12 = 484'2 1 2n x 36 = 722,36 n@n x 2 = 4824.2 


c Is 13a factor of 42 ?No 
pv Is 17a factor of 51 ? Yes 


. A ls 4a factor of 11 ? No 
B Is 8a factor of 63 ? No 


. Using the rule shown, you can 
put a pair of numbers into the 
function machine and get a single 
output number. Some output 
numbers are given below. Give 

as many pairs as you can that 
would produce each output number. 
Example: 4 Answers: (1,4) and (2, 2) 


Multiply 






Al 2 CED E 18 c 30 1 50 k 15 

B 6 pd 8 F 11 -H 36 cy ale: Lm! 

See Answers, T.E. page 253. 

. List all the factors of each number. 
Example: 12 (Answers: 1, 2, 3, 4, 6, 12) 69 
ALGLZ36 ¢9842/4;6°\ € 11101 G 36 ziese 4515.45 
B 545 dD 1812,3,69,18 — 301,2,3,5,6, nH 50142,5,10, es 
10,15,30 25,50 
253 
Using the Exercises F. 1X30=30, 2X 15=30, 3X10= 


30, 5X6=30 
. 1X36=36, 2X18=36, 3X12= 
36, 4X9= 36, 6X6 =36 
. 1X48=48, 2X24=48, 3X16= 
48, 4X12=48, 6X8=48 
1X 100= 100, 2X50= 100, 4X25 
= 100, 5X20= 100, 10x 10= 100 
(1,12), (2,6), (4,3) B. (1,6), (2,3) 
C. (1,5) D. (1,8), (2,4) E- (1,18), 
(2,9), (3,6) F. (1,11) G. (1,30), 
(2,15), (3,10), (5,6) H. (1,36), 
(2,18), (3,12), (4,9), (6,6) I. 
(1,50), (2,25), (5,10) J. (1,13) 
K. (1,15), (3,5) L. (1,21), (3,7) 


Although sample answers for the 
exercises on page 253 are shown in 
the text, it would be helpful to 
demonstrate for the children how to 
write pairs of factors of a number 
in parentheses. Also explain how, in 
exercise 4, pairs of input numbers and 
one function rule produce output 
numbers. Assign the exercises and, 
when the children are finished, allow 
time for checking papers and further 
discussion. 

Answers, exercises 1 and 4, page 253 
1B. 1X18=18, 2X9=18, 3X6=18 


= a 


= 


4A. 


C. 1X20=20, 2X 10=20, 4X5= 20 
D. 1X28=28,2X 14=28,4X7=28 
E. 1X32=32,2X16=32, 4X8=32 


Assignments (page 253), 
Minimum: 1-3. Average: 1-5. 
Maximum: 1-5. 


Follow-up 

An activity which would help chil- 
dren recognize factors of a number 
is the construction of factor cards. 
These would also be useful in the 
following lesson. Write the following 
directions on the chalkboard or run 
off duplicated copies: 


Use two or three sheets of I-cm 
graph paper. Cut out several squares 
that are 10 by 10. Make a master 
card by numbering one of the cards 
consecutively from 1 to 100. Choose a 
product number from the basic 
multiplication facts. Find all the 
factors of your number. Beginning 
with 1 at the top left-hand corner of 
another 10-by-10 square, count by 
ones, cutting out the small square of 
any number which is a factor of your 
chosen number. 

Do this with a different number for 
each of your cards. For example, the 
card for product number 36 would 
look like the following, where the 
shaded areas represent cut out 
sections. 





Factor Card for 36 


(You may need to demonstrate for 
the children that interior squares can 
most easily be cut out by folding the 
paper through the middle of the 
square and then cutting through the 
fold, along the grid lines.) 

When the factor card is placed 
upon the master card, the factors for 
the number show through the holes 
that have been cut out. 

These cards should prove helpful 
in the next lesson for finding com- 
mon factors. For instance, when the 
card for 36 is superimposed on the 
card for 24 and both are placed on 
the master card, the common factors 
will appear in the holes in the cards. 


Workbook, page 83 
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PAGES 254-255 
Objective 

Given two whole numbers, the child 
will be able to find the set of factors 
for each number and give the greatest 
common factor of the pair. 


Preparation 
As a warm-up activity, give the 
children practice in finding factors 
of a number. You might say some- 
thing such as the following: 

“T’m thinking of the numbers 1, 2, 
3, 4, 5, 6; which of these is not a 
factor of 12?” or “I’m thinking of 
1, 2, 3, 6, 8, 9; which of these is not 
a factor of 18?” Also include ques- 
tions such as: “What are 2 factors 
of 30?” “Name 4 factors of 36.” 
“Name all the factors of 12.”’ How- 
ever, since this is an oral activity, 
the questions should be kept as 
simple as possible. 
Investigation 
For this investigation children may 
work solely from the text or they 
may use the factor cards described 
in the follow-up section of the pre- 
ceding lesson. If children work from 
the text alone, you may want them 
to make yellow cards for the factors 
of 18 and blue cards for the factors 
of 24, but it is not necessary. They 
may simply list the factors of 18(1, 
2,3, 6,.9,.18) and of.24.142, 3, 4, 
6, 8, 12, 24) and then choose the 
numbers which appear in both lists 
(common factors: 1, 2, 3, 6) and the 
largest of these (greatest common 
factor: 6). For those who finish 
quickly, you might suggest another 
set of factors, for example, factors of 
32 (1, 2, 4, 8, 16, 32) with the ques- 
tion, “What is the largest number 
that is a factor of both 32 and 24?” 

(if the children made the factor 
cards suggested in the follow-up sec- 
tion of the previous lesson, they 
might use them for this investigation. 
To find common factors of 18 and 24, 
they should take the card for each 
and place them one over the other 
to find the numbers which are cut 
out on both cards and to find the 
largest of these numbers. Depending 
on which factor cards the children 
have made, you might suggest other 
numbers for which they should 
find the common factors.) 


254 


@ How do you find the greatest common factor? 


investigating the Ideas 


Suppose you had sets of cards like these. 


FACT 





oRS of /8 


What is the largest number that is on both a yellow 


and a blue card ? © 


See Investigation. 


Discussing the Ideas 


1. The numbers that are factors of both 18 and 24 are 
called common factors of 18 and 24. Which numbers 
are common factors of 18 and 24?; 236 


. The largest number that is a factor of both 18 and 24 is 
called the greatest common factor of 18 and 24. What number 


is the greatest common factor of 18 and 24 ?¢ 


3. a Can you give the numbers missing from the diagram ? 


| 2 a 
Ill, till, and {| are common factors of 8 and 12. 
4 |llll is the greatest common factor of 8 and 12. 


B On the chalkboard, show a diagram like this 
for the factors of 6 and 9. See Discussion. 


Discussion 

Use the answers from the investiga- 
tion in your discussion of exercises 
1 and 2. As you discuss exercise 3, 
emphasize that the numbers 1, 2, and 
4 are factors of a pair of numbers: 
they are factors of both 8 and 12. 
Hence, we use the phrase common 
factors with respect to 1, 2, and 4 
and the pair of numbers 8 and 12. 
We say that 1, 2, and 4 are common 
factors of 8 and 12. Then have the 
children observe that, since 4 is the 
largest of these factors, it is called 
the greatest common factor of 8 and 
12. The diagram called for by exercise 
3B would be similar to the one shown 
at the right. 














The factors of 6: | a 6 
The factors of 9: 1, 3, 9 










1 and 3 are common factors of 6 
and 9. 


3 is the greatest common factor of 
6 and 9. 


You might find it helpful to work 
through other examples before going 
on to page 255. 





* 7. 


1. a List the factors of 9. ',3.9 


c List the common factors of 9 and 12.!.3 


p What is the greatest com 


2. a List the factors of 6. !2.3.¢ 
c List the common factors 
p What is the greatest com 


3. a List the factors of 12.!.2,34¢,12 
c List the common factors 
p What is the greatest com 


4. a List the factors of 8. !,2,4,8 
c List the common factors 
p What is the greatest com 


5. a List the factors of 12.),2,3,4,6.2 
c List the common factors 
p What is the greatest com 


6. a List the factors of 24.':2'32"° 
c List the common factors 
p What is the greatest com 





More practice, page A-25, Set 46 


Give an odd number and an even number between 10 
and 20 that have 3 as the greatest common factor. 15,12 or 15,18 


Using the Ideas 
B List the factors of 12. ,2,3,4,6,12 
mon factor of 9 and 12?3 


B List the factors of 8..2.4.8 
of 6 and 8.!, 2 
mon factor of 6 and 8 ?2 


B List the factors of 16.',2,4.3,'6 
of 12 and 16. |.2.+ 
mon factor of 12 and 16 ?+ 


B List the factors of 9. !,3.9 
of 8 and 9.! 
mon factor of 8 and 9?! 


B_ List the factors of 18.1.2.3,67,'8 
of 12 and 18. !.2,3.6 
mon factor of 12 and 18 ?@ 


s List the factors of 32.!.2,48,'¢,32 


of 24 and 32. |,2,4,8 
mon factor of 24 and 3278 


255 





Using the Exercises 

You might choose to work through 
one or two of the exercises on page 
255 before you assign them as inde- 
pendent work. If some children wish 
to try the starred exercise but find 
it difficult, you might. suggest that, 
for exercise 7, they begin by listing 
all the numbers between 10 and 20 
that have 3 as a factor and then look 
for one that is odd and one that is 
even. 

Encourage all the children to try 
to find the answer to the Think 
problem. Help them see that al- 
though one is a factor of zero 
(1 X 0 = 0), it is not the smallest fac- 
tor of 0 (any number X 0 = 0); thus 


> 


“ 


one is the smallest factor of ‘“‘almost 
every one.” 


Assignments (page 255)* 
Minimum: 1-6. Average: 1-6. 
Maximum: 1-7. 


Mathematics 

The concept of the intersection of 
two sets may be more evident in this 
lesson than in any other portion of 
Book 4. We give below a formal defi- 
nition for the intersection of two sets. 


If A and B are sets, then the 
intersection of A and B, written 
A() B, is the set of all elements 
that are in both A and B (that is, 
those elements which A and B 
have in common). 


In this lesson, the word common 
implies the idea of the intersection 
of two sets, and it is not essential 
to formally define the concept of the 
intersection of two sets or to intro- 
duce the symbol for intersection to 
the children. Most of them will 
understand that the word common is 
applied to those elements which are 
in both of two sets. 

Follow-up 

Many children might enjoy working 
with Venn diagrams to show the 
intersection of sets. As an example, 
an approach similar to the following 
one is usually successful. 





Factors of 24 Factors of 36 


Common Factors 


What is the greatest common factor? 


1. A. List the factors of 27. 
B. List the factors of 36. 
C. Draw a Venn diagram to show 
the common factors of 27 and 36. 
. What is the greatest common 
factor of 27 and 36? 
. List the factors of 36. 
List the factors of 48. 
Draw a Venn diagram to show 
the common factors of 36 and 48. 
. What is the greatest common 
factor of 36 and 48? 


te 
One GC 


o 


Duplicator Masters, page 51 
Workbook, page 84 
Skill Masters, page 51 
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PAGES 256-257 
Objective 

Given a whole number less than 100, 
the child will be able to classify it as 
a prime or a composite number. 


Preparation 
To prepare for this lesson, give chil- 
dren practice in naming factors of 
numbers related to the basic facts. 
You might ask one child to name 
multiplication equations for the num- 
ber 36 and ask another child to list 
on the chalkboard the factors that 
are mentioned. For example, from 
the equations at the left, the list of 
factors at the right may be formed. 

9X4 = 36 ORES Y 

2X 18 = 36 6, 12, 18, 36} 

3 X 12 = 36 

6 X 6 = 36 

1 X 36 = 36 
Investigation 
Read the directions with the children, 
pointing out how the numbers are 
found to form the rows and columns. 
It may take some children a con- 
siderable length of time to find the 
10 required numbers. Point out that 
the number | cannot be among these 
10 numbers since the numbers must 
be between 1 and 38. Remind the 
children to record their answers 
carefully. Some may find all 12 
such numbers. 


256 


@ What are prime numbers? 


Investigating the Ideas 


Here is a multiplication table with the zero row and column 





and the 1 row and column left out. 





Think of this 
table as going 
on without end. 


Can you list ten numbers between 
1 and 34 that do not appear in 


the blue part of the table ? 
2,3,5,7, 11, 13, 17, 19,23,29, 31,37 


Discussing the Ideas 
1. 7 is not one of the products in the table. Can you explain why ? 
It has no factors other than | and 7. | 
13 is not one of the products. Why ? onty two factors, | and 3. 
29 is not one of the products. Why ?oniy two factors, | and 29 


Name some other numbers that are not among the products. 





43, 47,53,59,61, etc. 
Write all the whole numbers from 2 to 34. 


2,3 74,0, Op an 32, open 


See 


Z 3, 5,6; 77S, F 46; 11,42, 13, +4, 45,46, 17,18; 19, 2e 
256 222, 23, 24, 25, 26, 27, 28; 29,30, 3),32, 33, 3+ 


Discussion 1 and 38 which they found in the 
Encourage the children to keep in investigation (2, 3, 5,7, 11, 13, 17, 19, 
mind their results from the investiga- 23, 29, 31, 37) are all prime numbers. 
tion as you work through the dis- 
cussion questions. As you discuss 
exercises 1, 2, and 3, point out that 
7, 13, and 29 have no factors other 
than | and themselves. Develop the 
idea that a prime number is a num- 
ber which has only two factors, 
namely, 1 and itself. Also discuss 
examples of numbers which are not 
prime and ask children to express 
them as products of factors. Help 
them realize that all the numbers on 
the chart have other factors besides 
1 and the number itself. Be sure they 
realize that the 12 numbers between 


Now mark out the numbers that are products in the table above. 
What you have left is the set of all prime numbers less than 34. 


*7. 
* 8. 


Tell whether each number is prime or not prime. 
A 15No 


Copy each equation. Give the missing numbers. 


A lil x 


Could you find a different pair of factors for any part of exercise 3 ?No 


aA 2is a prime number. What are the factors of 2? '.2 
B 3 is a prime number. What are the factors of 3 ? !.3 
c 5is a prime number. What are the factors of 5? |.5 
p How many different factors does a prime number have ? 2 


A 74,t 


List all 
2,3, 5,7, 8 


Give the correct number or word. 

a The number |lili is a factor ! 
of every number. . 

B Each prime number has 
exactly |llll factors. 2 

c The factors of a prime number 
are the number itself and |i. | 

p The number |llil has exactly | 
one factor. 

—E If anumber has more than two 


. Complete each sentence with an equation. 
| know that 20 is not prime because 4 x 5 = 20. 

a | know that 12 is not prime because ||il|_x_ || = 12.2«@ or 4x3 
B | know that 14 is not prime because ||| x. ||| = 14.2«7 

c | know that 24 is not prime because || x. || = 


B 17Yes c 19 Yes 


lil = 2 B iilil x fill = 3 
2 t 1S 


. List all the factors of each of the following numbers. 
dp 171,17 


B 1! 


ame sumabersdess $49 50. 


c 13 1,13 


factors, it is not a __?__ number. a= 
prime 


Using the Exercises 

In the exercises on page 257, the 
children have an opportunity to 
apply the definition of prime num- 
bers. Exercise 2 might need an 
explanation before children begin 
to work on it. Help them realize that 
as soon as a third factor of a number 
is discovered they will know that it 
is not a prime number. You might 
have them show exercise 2 by either 
listing the factors for each number 
or writing multiplication equations 
which demonstrate a third and fourth 
factor. For example, for exercise 2A, 
a child might write: 15 is not prime 
because 3 X 5= 15. Starred exer- 
cise 7 may be more time consuming 


p 21No 





Using the Ideas 


24.2x12 or 3x8 
or 4xG@ 


E 23Yes 


e Illi x iil = 5 
tees 


E 191,19 


257 


for some children than it is for others, 
but encourage them all to try it. 
Although exercise 8 is also starred, 
you might use these statements as a 
basis for discussion. 


Assignments (page 257)* 
Minimum: 1-6. Average 1-6. 


‘Maximum: 1-8. 





Follow-up 

A Greek mathematician named 
Eratosthenes (3rd century B.C.) in- 
vented a relatively simple method of 
finding prime numbers. To find all 
the primes less than 100, for instance, 
he wrote down the numerals for the 
odd numbers beginning with 3, 
struck out the multiples of 3 greater 
than 3, then the multiples of 5 
greater than 5, and the multiples of 
7 greater than 7. The remaining 
numerals, along with 2, represent the 
prime numbers less than 100. This 
method has been called the Sieve of 
Eratosthenes. 

Adapt the sieve technique for your 
class by giving each child a duplicated 
sheet ruled into 10 rows and 10 
columns to make 100 squares. Direct 
the children to write the numerals 
from 1 through 99 in the spaces. 
Remind them that since a prime 
number has exactly two factors, they 
should circle 2 as the first prime. 
Again remind them that since all the 
multiples of 2, the even numbers, 
have at least 1, 2, and the number 
itself as factors, they should cross 
out all the even numbers except 2. 
Next, have them begin at 3 and cross 
out every third number, and con- 
tinue similarly with 5 and 7. 

One child may wish to take a piece 
of parchment paper, write the 
numerals 3 through 99 in the man- 
ner shown below, and punch out the 
numerals that are not primes. A 
veritable sieve will result. 







Resources for Active Learning 

Discovery, Section I, Activities 17-24, 
pp. 20-25, Encyclopaedia Britan- 
nica Educational Corp. 

Teaching Aids for Elementary Math- 
ematics, pp. 32-35, Holt, Rine- 
hart and Winston. 

Math Activity Cards, “Factors and 
Primes,” B43, Macmillan. 

Mathex: Numeration No. 7, “Prime 
Numbers,” pp. 6-9; “Sieve of 
Eratosthenes,” pp. 9-12 (pupil 
pages 5-8), Encyclopaedia Britan- 
nica Publications Ltd. 


Workbook, page 85 
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PAGES 258-259 
Objective 

Given composite numbers, the child 
will be able to find their prime factors. 


Preparation 
To prepare for this lesson, give 
children practice in breaking down 
composite numbers into prime fac- 
tors. For example, write 24 on the 
chalkboard and have the children 
break it down step by step. 

24 
enna 


8 
AX 
2 4 

/ 


W— w— w 


fame rN 
D2 2 
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The Function Machine 


i Oe 





Multiply 


wD) x 


1. Give a pair of prime numbers that will 


produce each of these output numbers. a 4 [Answer: (2, 2)] 
Ello “ reetoce 22 ni2> 1 
3.5 3,7 Zu 5,5 


ee os, OL 


2. Give a pair of prime numbers that will 
produce each output number. 


e143 ec dQ0°- 6 15°" 16) 1 me 
n 25_..0 26°-p 28 “a 30 ~rn 32 


B 4 ert2s ]pe6 
K 21) el 2 eM ee. 





(5,3) 8 


a 9 [Answer: (7, 2)] 


Multiply 


3. Give the output number for each number triple. 


A (1,4,2)8 B (2,4,2)Il0e c (5,3,0)o ob (1,1,1)! 


258 


Discussion 

Discuss the rule for each function 
machine. Notice that the set of prime 
numbers is unique for each output 
number. 

The exercises here are actually 
based on the Fundamental Theorem 
of Arithmetic, which states that every 
composite number can be factored 
into a unique set of prime numbers 
except for the order in which the 
factors are written. (See the mathe- 
matics section at the beginning of 
this chapter.) 


Answers, exercise 2, page 258 

2B.°2;2 Ge5,7. D, 3,3: BR. 3)i bord? 
F. 3,7 or 5,5 G. 2,13 H. 5,11 or 3,13 
I. 5,13 or 7,11 J. 3,17 or 7,13 K. 2,19 
L. 3,19 or 5,17 or 11,11 M. 7,17 or 
5,19 or 11,13 N. 2,23 O. 3,23 or 7,19 
or 13,13. Ps,5,23>0r/11,17, Q2-7,23,0r 
11,19 or 13,17 R. 3,29 or 13,19 S. 2,31 





2 
ZAB 





See Answers, T.E. page 258. 


————————— aoe 


E (3,4, 5)co 


——I———— ll 


ee 


Prime Number Problems 


1. The whole numbers greater than 1 
that are not prime numbers are 
called composite numbers. 

a List the composite numbers 
less than 40. Pe. Sage S58. 

Bs Give a composite number 
between 90 and 100. 
91,92,93,94,95,96,97,98, or 99 

2. a List all the factors of 12.)23,4,¢,12 
s List the factors of 

12 which are prime. 2.3 
c List the factors of 30.'235¢,10,15,30 
p List the prime factors of 30.235 





3. The equation 30 = 5 x 2 x 3 shows that 30 is a product 
of prime numbers. Write equations to show that 35 and 
36 are products of prime numbers. oi Ly aes 
4. Give the word or number for each blank. 
Every prime number is odd except __ ?__. 2 
The number __ ?__ is a factor of every number. : 
Each prime number has exactly __ ?__ factors. 2 
The only factor of 1 is __ ?__. 
Since the only factors of 73 are 1 and 73, 73 is a __ ?__ number. 5--ime 
Since 69 has four factors, 69 is a __ ?__ number. composite 
57 is not a prime number because 3 x n = 57.19 
H __?__ is the only prime number between 61 and 71.67 
+ 1 __?__ is the only prime number between 79 and 89.83 
+ s __?__ is the only prime number between 103 and 109.107 
% « __?__ is the only prime number between 113 and 131.127 


o7rmoenoon > 


%* 5. The numbers 3 and 5 are called twin primes because their 
difference is 2. Another pair of twin primes is 41 and 43. 


: more pairs of twin primes. 27 > !.!33!7,195 29.315 
Give four p p 41,433 59,613 etc. 


More practice, page A-25, Set 47 259 


Using the Exercises The number of children who solve 


Follow-up 

Encourage the children to make 
factor trees similar to the one shown 
in the preparation section. An ac- 
tivity of this kind should impress 
upon the children the fact that the 
set of prime numbers for a composite 
number is unique; no matter how 
they factor a composite number they 
will get just one set of prime factors. 
Suggest that the children make factor 
trees for 36, 32, 40, and 56 and so on. 
Resources for Active Learning 
Nuffield Project: Problems—Green 

Set, No. 25, Wiley. 


On page 259, explain the term com- 
posite as presented in exercise 1. In 
exercise 2, make sure the children 
understand that prime factors are 
prime numbers which are factors of 
a particular number. 

Note that exercises 4I, J, and K 
and exercise 5 are challenging. Most 
children will be able to do these 
exercises, if given enough time. These 
starred exercises are not conceptually 
difficult; they simply involve search- 
ing for larger prime numbers or 
pairs of prime numbers. All children 
will benefit from a discussion of 
the exercises once the correct answers 
are given. 


the Think problem will give you an 
indication of how many of them 
understand the definition of a prime 
number. Most of the class should 
solve it successfully if they com- 
pleted exercise 4 correctly. 

Answers, exercise 1A, page 259 

1A. 4, 6, 8, 9, 10, 12, 14, 15, 16, 18, 
205 21922924 9259265 27728, 30; 32, 
33, 34, 35, 36, 38, 39 


Assignments (page 259)* 
Minimum: 1-3. Average: 1-4H. 
Maximum: 1-5. 
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PAGES 260-261 
Objectives 

The child will demonstrate his 
ability to work with the concepts pre- 
sented in this chapter. 

The child will demonstrate his 
ability to work with the concepts 
indicated for cumulative review. 


Preparation 

As preparation for this lesson, have 
the children identify several numbers 
as even or odd. Then have them 
identify the prime numbers between 
0 and 20. You might also have them 
make factor trees for some composite 
numbers, such as 48, 64, 72, 81. 


260 


. Answer E if the number is even 


. The first even number is 0. 





and O if it is odd. 
a 68E c 20010 
B 830 p 3958 E 


e 7642E 
F 7050€ 


The second is 2. The third is 4. 

The fourth is 6. The fifth is 8. 

a What is the sixth even number? jo | 

B What is the ninth even number ? !6 | 

c What is the seventeenth | 
even number ? 32 





. The first odd number is 1. The second is 3. 


a What is the third odd number? 5 
sB What is the eighth odd number ? 15 
c What is the fourteenth odd number ? 27 


. List the composite numbers between 20 and 30.21,22,24,25,26,27,28 


. a List the factors of 18.'5;28 List the factors of 24. 12,3,4,6,8,12,24 


c List the common factors of 18 and 24. 1,2,3,¢6 
p What is the greatest common factor of 18 and 24? © 


1,2,3,5,6, 


. A List the factors of 30.jo15 308 List the factors of 42. 1,2,4,6,7,14,21,42 


c List the common factors of 30 and 42. 1,2,3,6 
p List the common prime factors of 30 and 42. 2,3 
—e What is the greatest common factor of 30 and 42?¢ 


7. a Write an equation to show that 38 is the product of 
two prime numbers. 3g=2 «19 
B Write an equation to show that 39 is the product of 
two prime numbers. a9= 3x \3 
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Discussion 

Have the children work the exercises 
on page 260. Even though you may 
be using this exercise set as a test 
and thus choose not to have the 
children check their own papers, you 
should discuss the answers with the 
children immediately after they have 
completed the page. 

The Think problem presents an 
interesting mathematical idea—that 
of a perfect number. The first three 
perfect numbers are 6, 28, and 496; 
this problem concerns the perfect 
number 28. You will notice that the 
factors of 28 are 1, 2, 4, 7, 14, and 
28; and the sum of these factors is 
twice 28. One definition of perfect 


numbers may be stated as follows. 
A perfect number is a number such 
that the sum of all its factors that 
are less than the number is the 
same as the number. 

That is, the sum of the factors 1, 

2, 4, 7, and 14 is 28. The way the 

Think problem is stated, however, we 

add all the factors and then divide 

by two and get 28. 


1. Find the sum of two prime numbers. 
What kind of number do you get? 
Is it odd, even? Is it prime, com- 
posite? Is there a pattern? 

2. Subtract one prime number from 
another prime number. What kind 
of number do you get? Is it odd, 
even? Is it prime, composite? Is there 
a pattern? 

3. Multiply 2 prime numbers. 





1. Solve the equations. 
A 10x 10= nico ov 100 x 100 = mooooe 10000 = 10 = miooo 


sp 100 x 10= nmiooo £ 100 =~ 10= noo H 10000 ~ 100 = mioo What 





¢ 10 x 1000 = moooor 1000 + 10= nico 1 10000 = 1000 = nic lensed afea ari beeeitics Oumar ia 
; as odd, even? 

2. Give the missing numbers. 4. Compare any patterns you found 
a Since 5 x 7 = 35, we call |llll a multiple of 7.35 with those for odd and even numbers. 
B 48 isa multiple of 6 because n x 6 = 48.8 5. Make a square card and number the 
c Since 5 x 9 = 45, 45is a multiple of both 5 and lll. 9 small squares from 0 through 99. 
p Since 63 + 78 = 141, we know that 141 — 78 = 71.63 Can you find any interesting patterns? 
e Since 156 — 79 = 77, we know that 77 + 79 = 7n.15e eg ip Ss Babe, 

r Since 7 x 38 = 266, we know that 266 ~ 7 = n.2s | Oo} 1] 2] 3] 4 5] 6] 7] 8Y¥y 
@ Since 147 + 3 = 49, we know that 49 x 3 = n.147 NSN SEQ EERE ROEH 7/7 0 
nH Since 39 + 39 = 78, we know that 78 — (39 + 39) = n.o SQV 23 | 24] 25| 26Y 


BE IEIESE SEUEIED 
2] 43 RRS | 47] 48 | 49 


3. Find the sums and differences. 


eee 
— 








| oi) wWlN 
SOS REEERe 
2 
a 
1) 
N2[8 
SHE 
Ww 
N77 
oN 








AD oo B 132 omi5076 p 8206 eE 30042 57| 5815 
+89 =—59 +3938 —39 —5 978 OE rae Cora 
124 73 9014 Bie7 24064 — BEA A OSS SH 
4. Find the products 71 4 73| 74| 75| 76 NN 78 | 79| 
s°9 s 38 © 434 80 (2 82 83 | 84 85] 86] 87 RAN 89) 
x6 x7 x9 B91 |92| 93194] 95] 96] 97] 98 RS 
~ 54 266 3906 
a a BS, pO eoAz Resources for Active Learning 
x25 x 34 x 562 Developmental Math Cards, G‘5, 
800 21318 195 014 Addison-Wesley. 
5. Find the quotients. Franklin Series: Mirror Magic, 
— 42 = sie “Symmetry,” pp. 58-72, Lyons 
A 7)294 8 8)3448 c 23)2093 and Carnahan. (Available from 





McGraw-Hill Ryerson) 

Inquiry in Mathematics via the Geo- 
board, ‘“‘Congruent Triangles,” 
Geo-Card 22, Walker. (Available 

261 from Fitzhenry & Whiteside) 

Math Activity Cards, 
B17, Macmillan. 





““Halving,” 


Using the Exercises 

You may assign the exercises on 
page 261 as independent work or 
use them for a review discussion. 
If children understand the relation- 
ships treated in exercise 2, they 
should be able to give the answers 
without performing the computation. 
When they have finished, allow time 
for checking papers and discussion. 


Follow-up 

Encourage children to work with 
prime numbers less than 100 to find 
patterns. They may be motivated to 
explore patterns using other numbers 
also. For example, present them with 
the following exploratory questions. 
They should see that, if 2 is excluded, 
definite patterns emerge. 


Mathex: Geometry No. 4, “Plane 
Geometric Figures,” pp. 31-32; 
“Geometric Solids,” p. 33 (pupil 
pages 50-52), Encyclopaedia Bri- 
tannica Publications Ltd. 

Nuffield Project: Shape and Size 2, 
“From 3-dimensional to Two,” 
pp. 36-61, Wiley. 


Workbook, page 86 (Use with text 
page 260.) 
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CHAPTER 12 Fractions 


Pages 262-295 


General Objectives 

To provide a formal introduction to 
the concept of fractions 

To introduce the concept of equivalent 
fractions 

To provide experience in working with 
sets of equivalent fractions 

To provide background material for 

a smooth transition to fractional 

numbers 
The opening pages of the chapter 
establish a relationship between the 
concept of a number pair and that 
of a fraction. Formally, we take the 
point of view that a fraction is a 
written symbol for a number pair. 
However, we agree that often it is 
convenient to use the word fraction 
in place of number pair, and you 
will notice from time to time that 
we will occasionally say fraction 
when we mean number pair. It 
should, however, be clear at all 
times from the context of the mate- 
rial whether we are speaking of the 
number pair or the symbol. In the 
Chapter 14, fractions will be treated 
as symbols for fractional numbers. 

The subsequent lessons cover the 
concepts of fractions and sets, frac- 
tions and parts of an object, and the 
concept of equivalent fractions. Most 
of the remainder of the chapter builds 
readiness for understanding frac- 
tional-number concepts by develop- 
ing understanding of equivalent 
fractions and providing work with 
sets of equivalent fractions. 

The words numerator, denominator, 
and improper fraction are introduced. 
A check to determine whether or not 
two fractions are equivalent is pro- 
vided, and then, toward the end of 
the chapter, a lesson develops the 
idea that for each “‘complete” set 
of equivalent fractions, there is a 
unique fraction in the set that is 
called the /owest-terms fraction for 
that set. 

You will note the absence of any 
attempt to teach particular skills for 
reducing fractions to lowest terms or 
for finding the lowest-terms fraction 
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for another fraction. Our intent is to 
introduce the concept so that the 
children understand it completely 
before they are given work in Book 5 
for developing particular skills in 
these operations. 


Mathematics 
This chapter is concerned primarily 
with developing concepts of frac- 
tions in preparation for the introduc- 
tion of fractional-number concepts 
in Chapter 14. The study of fractions 
is conceptually different from the 
study of the numbers represented by 
fractions (fractional numbers). You 
will observe that, except for the brief 
references to pairs of numbers early 
in the chapter, essentially nothing is 
said about numbers throughout 
Chapter 12. Fractions are considered 
to be symbols for number pairs in 
the study of this chapter, and in 
Chapter 14 they will be considered 
to be symbols for fractional numbers. 
One of the clearest explanations 
we can give for the concepts pre- 
sented in this chapter appears at the 
top of page 264 of the children’s 
text. On this page we introduce the 
idea of thinking about number pairs 
and writing fractions to represent 
them. We may use the word fraction 
instead of number pair, but it should 
always be clear from the context 
whether we are referring to the sym- 
bol or to the pair of numbers involved. 
Work with equivalent fractions is 
the most important part of Chapter 
12 in preparing for the development 
of fractional-number concepts. We 
do not give the children a formal 


definition of equivalent fractions be- 


cause such a definition would be too 
abstract for them. We intend that 
the children recognize two fractions 
as equivalent by seeing them in 
terms of sets or parts of a region. 

A formal definition of equivalent 
fractions, for the teacher, follows: 
and : 
alent to each other, if and only if 

aXd Sb KG 


Two fractions are equiv- 


Some examples of pairs of equiv- 
alent fractions are shown below. The 
diagrams illustrate the equivalence 
relation with regard to part of an 
object. 





Having provided the children with 
experiences in working with equiv- 
alent fractions, we lead them to build 
sets of equivalent fractions, starting 
with lowest-terms fractions such as 
4, 3, %, etc. The following sets are 
built from such fractions: 


£48" 
Set B (3, 6 X 125°" b 
SetC (4, 8,12, 16 ---J 


Clearly, if we continue the estab- 
lished pattern indefinitely, each set 
contains an unlimited number of 
fractions. It is important to note 
that any fraction that is equivalent 
to one half is in set A (assuming an 
unlimited continuation of the ob- 
vious pattern) and that a fraction 
that is not equivalent to one half is 
not in set A. Similar statements are 
true for sets B and C, as well as for 
any other similarly constructed set 
of fractions. 

We list below facts concerning 
equivalent fractions and sets of 
equivalent fractions; these facts are 
obvious, but are essential to the 
general concepts of Chapter 12. 


a) The definition of equivalent 
fractions divides the fractions 
into separate and disjoint 
classes. 

b) Any two fractions in one class 
are equivalent. 

c) A fraction from one class and a 
fraction from a different class 
are not equivalent. 

d) In every class, there is an un- 
limited number of fractions. 


e) Every. fraction is in exactly one 
class. 


Since this chapter is concerned 
only with fractions and not with 
fractional numbers, we do not want 
to write equalities such as 4 = 2. 
Eventually, we will give meaning to 
statements of this type, but only 
when one half and two fourths refer 
to fractional numbers. Clearly, one 
half and two fourths are different 
fractions, but they are equivalent. 
We could, if we thought it expedient, 
invent a symbol for equivalence of 
fractions and write a mathematical 
sentence about the equivalence be- 
tween one half and two fourths. 
However, this is not necessary for 
our study. We do want to make it 
clear to children that pairs of frac- 
tions, such as one half and two 
fourths, are in a sense the same; we 
use the word equivalent to denote this. 


Teaching the Chapter 

Materials 

Balance scales (if possible, | set for 
every 5 children) 

Colored strips; Counters 

Crayons; Geoboard or dot paper 

2-cm graph paper or paper on 
which 2-cm squares have been 
duplicated 

Mail-order catalogues, advertise- 
ments, recipes, etc., to show uses 
of fractions 

Rubber bands for geoboard 

Scissors 

Sets of weights, including lg, 5g, 
10g, 20g, 50g, and 100g, 200g, 
500g, Ikg sets 

Short pieces of string (approximate- 
ly 12 for every three children) 

Slips of paper approximately 5 by 
7 cm 

Strips of paper approximately 20 
or 25 cm long suitable for folding 


Vocabulary 

denominator ~ lowest terms 
equivalent fraction number pair 
fraction numerator 


improper fraction 

Although most of the children’s 
early experiences with fractions have 
been in terms of working with parts 
of sets or parts of regions, you 
should find it helpful to provide 
additional experiences of this type. 
Be aiert to guide your children 
toward more abstract thinking as 


their experiences with fractions in- 
tensify in this chapter. In the early 
part of the chapter, use the concrete 
experiences as needed; and then, as 
the children are able to think more 
and more abstractly about fractions, 
reduce the use of materials. If most 
of your children are very advanced, 
limit the use of set ideas to the draw- 
ings on the chalkboard and those in 
the text itself. However, all should 
benefit from the concrete investiga- 
tions suggested in the text. 

Many vocabulary words in this 
chapter are familiar to the children. 
However, such words as numerator, 
denominator, and improper fraction 
are almost sure to be new. We at- 
tempt to play down the term improper 
fraction in this development because 
of the misleading connotation of the 
word improper with respect to certain 
types of fractions. Avoid having the 
children think that there is something 
wrong with a fraction such as 3. The 
expression improper fraction has 
historical significance much like that 
of negative number. The connota- 
tions of such words show that those 
who first thought of, used, and named 
these numbers had little faith in 
them. Expose the children to the 
term improper fraction, but play it 
down, and use it infrequently. 
Whenever possible, just use the word 
fraction for the improper fraction. 


Lesson Schedule 

Plan to cover the material in this 
chapter in about three-and-a-half or 
four weeks. Since this chapter is 
quite long, you must adjust this 
recommended schedule to the needs 
and abilities of your children. Cer- 
tainly, if your children have had 
considerable background material in 
fractions, you will be able to move 
through the chapter much more 
rapidly than if they have had very 
limited experience with fractions. 
Evaluation of Progress 

The most important evaluation cri- 
teria in this chapter are general 
understanding of fraction concepts 
and the children’s ability to construct 
a set of equivalent fractions with 
reasonable knowledge of the ideas 
involved. The heavy emphasis on 
equivalent fractions in this chapter is 
necessary as background for under- 


standing fractional numbers, pre- 
sented in Chapter 14. Evaluation 
based primarily on understanding of 
concepts is difficult, and therefore, 
your evaluation should be based pri- 
marily on daily observations of the 
children rather than on the use of 
cumulative test materials. 

The role this chapter plays in the 
overall development of fractional- 
number concepts is an important one. 
The children need to get some feeling 
for a quantitative relationship, of 
quantitative sameness, between pairs 
of fractions from the set {3, 2, 2, 
. . .}. If you can successfully build 
their comprehension of the quan- 
titative sameness between pairs of 
equivalent fractions, much will be 
gained in terms of readiness for the 
more abstract concepts presented in 
Chapter 14. 


Resources for Active Learning 
GENERAL ACTIVITIES 


Activities for developing fractional 
number concepts: Mathex: Nu- 
meration No. 2, “Fractions,” pp. 
48-52, (pupil pages 47-60), En- 
cyclopaedia Britannica Publica- 


tions Ltd. 
Developmental Math Cards, 


H'18, Addison-Wesley 

Nuffield Project: Computation and 
Structure 3, “Fractions,” pp. 
70-79, Wiley 

Math Activity Cards, B21, C34, D35, 
Macmillan. [Three recipes] 

Notes on Mathematics in Primary 
Schools, “Fractions,” pp. 190-195, 
Cambridge University Press. [Us- 
ing geoboards] (Available from 
Macmillan of Canada) 

MANIPULATIVE DEVICES 

Geoboards (Addison-Wesley) 

Lowenfeld Poleidoblocs Set G (Re- 
sponsive Environments Corp.; 
Selective Educational Equipment) 

Modulated Cut-outs (Encyclopaedia 
Britannica Publications Ltd.) 

Unifix Fractions Kit (Educational 
Teaching Aids) 

COMMERCIAL GAMES 

Action Fractions (Math Media) 

Competitive Fractions (Selective 
Educational Equipment) 

Fraction Dominoes (Responsive En- 
vironments Corp.; Selective Edu- 
cational Equipment) 

Fractions Are as Easy as Pie (Milton 
Bradley; school supplier) 


H?2, 
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PAGES 262-263 
Objective 

Given pairs of strips, the child will 
match each pair with a number pair 
and express that number pair as a 
fraction. 


Preparation 
Materials 
colored strips 

You might review previous uses of 
the strips, such as in exploring 
measurement concepts, addition and 
subtraction, odd and even numbers, 
etc. Then explain to the children that 
once again these strips will help them 
understand some important mathe- 
matical ideas. 


Investigation 

In this investigation, children use the 
strips to relate one whole number to 
another. They might take any pair 
of strips from their set and write 
the fraction related to it. If a child 
chooses two strips of equal length, 
for example two 8-strips, he still can 
write a fraction such as §. Or he 
may think of the 9-strip in relation 
to the 3-strip and write 3. However, 
if he follows the suggestions in the 
text, he will think of the 3-strip 
covering 3 out of 9 parts of the 
9-strip. Note that the number pair 
refers not to the two separate strips 
but to how many parts of the strip 
are covered in relation to how many 
parts that strip has. Encourage the 
children to try showing at least 8 or 
10 fractions. If a child has difficulty, 
ask him to show a specific fraction 
such as 7, saying something like, 
“Can you show a situation in which 
4 parts out of 7 are covered?” 


262 






1 2 Fractions 


® Let's explore number pairs and fractions. 






Investigating the Ideas 


[A] 










@ parts out of J are covered. 





IB parts out of 5 are covered. 










a aa) of 


the purple strip is covered. 


® (‘ies fifths”) of 


the yellow strip is covered. 
















and “2” are called fractions. 









Can you show “‘cover-ups” like these 
with other strips and write the fractions ? 






Answers will vary. See Investigation. 







Discussing the Ideas 


1. a What pair of numbers do we think about in [a]? in [B]? 
B We wrote the fraction § in [a]. ni °° 
What fraction did we write in [B] ? 7 








What number pair do you 
think about in this picture ? |,3 
B What fraction of the light 
green strip is covered? 4 





a. 








What number pair do you ez) 
think about in this picture ? 2,3 


B What fraction of the light green strip is covered 2% 






and ask others to name and write a 
fraction related to each pair. 


Discussion 
As you work through the discussion 
exercises, have the children observe 
the correct manner of reading frac- 
tions. However, correct usage will 
develop naturally and easily more 
from your example than from lengthy : 
explanation. One of the main points 
of this lesson is to express a number | 
pair as a fraction. Thus, in exercise 
2, we think about the number pair 
1,3 (or 1 part covered, 3 parts in all), 
so we write 4 to express how much 
of the green strip is covered. 
Extend the discussion with other : 
examples. For instance, have chil- : 
dren describe a pair of strips such : 
as “the yellow covering the blue” : 


1. Give the number pair and the fraction for each picture. 


Ce 


@ out of J are covered. 
? of the brown strip 
is covered. % 


A 


c 


2. What fraction of each long strip has been shaded red ? 


a 


i] 


> 
Wa 


mm , 
? out of i is covered. 


? of the red strip 
is covered. % 


4 
z out of | are covered. 
? of the purple strip 
is covered. ¥, 


se ow of oe un \s 
=] 


Boog) ; 
| f 
? out of |?) is covered. 
? of the yellow strip 
is covered. 4g 
D 


Using the Exercises 

Have the children do the exercises 
on page 263 independently. When 
they have finished, allow time for 
checking papers and for further dis- 
cussion. Point out to the children 
that each fraction expresses a rela- 
tion between how many parts of a 
strip are covered and how many 
parts that strip has in all. To help 
children develop an understanding 
of this relation, you might read the 
text question for each exercise in a 
manner similar to this example for 
exercise 1A: “What fraction of the 
yellow strip is covered?’ Continue 
to stress how a number pair may be 
symbolized by a fraction. 





out of fare covered. 
? of the orange strip 
is covered. X, 


5 8 
?. out of I are covered. 
? of the brown strip 
is covered. % 


Using the Ideas 





1O 
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Assignments (page 263). 
Minimum: 1—2B. Average: 1-2F. 
Maximum: 1-2. 





Mathematics 

Although we establish in this lesson 
that we consider fractions to be sym- 
bols for number pairs, we will some- 
times say fraction when in context it 
is clear that we are speaking of the 
number pair involved rather than of 
the symbol. However, just as with 
the use of the words number and 
numeral when speaking of whole 
numbers, it will always be clear from 
the context whether we are referring 
to the number itself or to the symbol 
for the number. When fractional 
numbers are introduced in Chapter 
14, it will be seen that fractions are 
symbols for fractional numbers. 
Here, the word fraction will be used 
occasionally for fractional numbers 
rather than for a specific symbol, but 
the ideas involved should be clear 
from the context. 

Again, we make the recommenda- 
tion that we made for the use of 
number-numeral terminology in the 
study of whole numbers: use the 
language which will most clearly 
illustrate the ideas involved, even if 
such language does not precisely 
accord to definitions. For example, 
just as you might tell a child to write 
a number (when, precisely, you mean 
numeral), you might also ask, ““What 
fraction of the objects is blue?” 
Although such a question can be 
answered by writing a fraction, it 
clearly implies that you do not really 
mean “What symbol of the objects is 
blue?”’ but, rather, ““What part of the 
objects is blue?”’ 

Follow-up 

Suggest that children roll four dice 
and see how many pairs of numbers 
shown by combinations of the dice 
they can write as fractions. They 
may then try to match each fraction 


with a pair of strips. 
7 KG OK 
2 red strip 


red strip 
purple strip 


aes — _— 
5 yellow strip 4 

2 red strip De. yellow strip 

6 


dark green strip 6 dark green strip 


Workbook, page 87 
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PAGES 264-265 
Objective 

Given a region or set which is pic- 
tured so that a fractional part of the 
region or set is indicated, the child 
will be able to give a number pair or 
a fraction for the indicated part of 
the region or Set. 


Preparation 

Since there is no investigation for 
this lesson, you might use your prep- 
aration time for a review of the 
previous lesson and as an introduc- 
tion to the discussion exercises. 

For example, name a number pair 
and ask the children to cover one 
strip with another to match the 
number pair. Thus, if you said, 
“2.5,” they would place the red 
strip on top of the yellow strip. 
Continue with several number pairs 
such as (1,4), (2,3), (5,8), (7,10), (8,9), 
(6,6), (4,8), (2,7), and so on. Have a 
child write on the chalkboard a 
fraction for each number pair. 


264 

















































* all 























a 2out of 5 % 
B 7 outof10%, 
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Discussion 
In this lesson, children learn to 
associate fractions not only with the 
parts of strips but also with various 
regions and sets. Discuss each illus- 
tration and the given number pair. 
and have the children write and read 
the related fraction. It would be 
helpful for you to write the answers 
to the last two columns on the chalk- 
board. For example, for the first 
part of exercise 1, you would write 
2, and say “three fourths.” Work 
through exercises 2 and 3 orally, 
having children take turns in writing 
the fractions on the chalkboard. 
Depending on the ability and back- 
ground of the children, provide set 


Discussing the Ideas 


3 red parts 
4 parts in all 


2 parts covered 
3 parts in all 


4 blue parts 
6 parts in all 


1 green dot 
5 dots in all 


* 
In this column, we think 
about a number pair. 


%, » three eighths 


3. What fraction is suggested by each of these ? 









BB of the light 
green strip 
covered. % 










B® of the 
region is blue. 


% 


WE of the dots 
are green. 


% 









B c 





Oo 
34) five eighths Hq) nine tenths 


c 1 outof2% 
pd 2 outof 3% 


demonstrations patterned on the 
illustrations of exercise 1. Care must 
be taken to see that the children give 
the correct number pairs. For exam- 
ple, if you exhibit a set of five 
objects, of which two are blue and 
three are black, the children might 
err by saying, “Two blue, three 
black; therefore two thirds are blue.” 
You must see that the children say, 
“Two blue, five in all; therefore two 
fifths are blue.” . 
If necessary, provide children with 
more practice in reading fractions. 
It is important that children learn 
to read fractions effectively; other- 
wise, they will have difficulty com- 
municating in future lessons. 


of the region 
is red. 


aa of 
the light 
green strip 


is covered. 
two thirds 


ESR of 


the region 


4 
In this column, we write a 
fraction for the number pair. 


Can you write and read the fraction for each part ? 


O 


@ Can you write and read fractions? 









the dots 


are green. 
one fifth 


2. Write and read a fraction for the shaded part of each figure. 
db @®@ 0 @ 
e @ 


O 
0 ®@ 


C 
% » Six elevenths 


e 12 out of a hundred foo 
F 9times out of 10% 





Using the Ideas 


Give the missing numbers. Then give a fraction to 
answer each question. 


Tie: 


A 


ill parts are red. 2 


iil parts in all. © e 
What part of the region c 
isred? % 


A lll dots are black.e 


Illll dots in all.zo 
What part of the dots 
are black? %5 


3. AAAAA 
Nhe Cy AN By ANA 


oO BD Pb 


5. Write a fraction for this number-pair story. 
Tom said, “5 of the 8 birds in our yard 
are cardinals.’ What fraction of the 
birds are cardinals? % 


ill triangles are red. 5 

ill triangles in all.10 
What part of the triangles 

are red ? 3 


. & 





A lll sections are red.2 

B ||| sections in all.4 

c What part of the region 
is red ? 24 






6. Write a number-pair story about each fraction. 


al 


2 5 af 
B § c@ D 3 


Answers will vary. 


Using the Exercises 

Have the children work through the 
exercises on page 265 independently. 
When you check their work and dis- 
cuss the exercises, accept any fraction 
equivalent to the indicated answer. 
For example, in answer to exercise 3, 
some children may very well say 
“five tenths,” while others may say 
“one half,” of the triangles are red. 
However, the problem is designed to 
encourage the response “‘five tenths,” 
and the children, particularly those 
who answer “one half,’ should 
realize this. 


Assignments (page 265) 
Minimum: 1-4. Average: 1-5. 
Maximum: 1-6. 


BIW 
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Follow-up 

To help children who need more 
experience in associating fractions 
with given parts of sets and regions, 
give them a worksheet similar to the 
following one. 


Color the number of objects 
as directed. 

Write a fraction that shows 
what part is colored. 


Color 4 *’s.___of the set is colored. 


Kaka KK kak 
kKkkk kk kk 


Color 6 4’s.___of the set is colored. 


AAAAAAAAAAA 


Color 34’s.___of the set is colored. 


DD O 


Color 8O’s.___of the set is colored. 


OOO0O000000 
OOO0000000 


Color 7Q)’s.___of the set is colored. 


ViVi ee 
QVQOYIIYOPYE 


Color 4(1’s.___of the set is colored. 


ikea 


For others, you might write 
several fractions on the chalkboard 
and have them write a number-pair 
story for each or draw a picture to 
illustrate each. 

Resources for Active Learning 
Developmental Math Cards, G'20, 
Addison-Wesley. 


Workbook, page 88 
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PAGES 266-267 


Objective 

Given parts of regions or parts of 
an object, the child will show his 
understanding that fractional parts of 
an object must be the same size. He 
will show this by identifying fractional 
parts. 


Preparation 
Materials 
geoboard for each child or dot paper 

(Duplicator Masters, page 64) 

It would be appropriate to begin 
immediately with the investigation 
and omit any particular preparation. 
However, if children are not very 
familiar with a geoboard or dot 
paper, spend a few minutes showing a 
few shapes that can be formed on the 
board or paper. Be sure to use shapes 
that are unrelated to the investigation 
activity so that you do not preempt 
the children’s opportunity for dis- 
covery. 


Investigation 

In this investigation, children explore 
the concept that in order for a region 
to be divided into halves it must not 
only be separated into two parts but 
must be separated into parts that 
are the same size. 

If children use geoboards, remind 
them to keep a count of each division 
they find. The number of divisions 
possible depends on the dimensions 
of the region used. For example, if 
the geoboard or dot paper is 5 by 5, 
the divisions that can be made by a 
straight line are as shown below. 
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® Let’s explore fractions and parts of an object. 


Investigating the Ideas 


Use a nailboard and rubber bands 
or dot paper and lines. 


How many different ways can you find to use one straight 
rubber band (Jine) and divide the yellow part into halves ? 


Discussing the Ideas 


1. How can you tell when you have divided 


mple answer: 


: Sa 
the yellow part into halves ? oe will be the 


me number 
€ach half. Each halt will have th 


2. Answer the questions and explain your answers. 


A 


—m 


Father's piece 


Is Father's piece 2 
of the pie ? Nog the pieces arenot —oof the candy bar ? 


\e 
200 seats 


100 seats each 
50 seats each 


Does the centre section 


have 2 of the seats ? 
Nos the Sections are not 


al 


Did Mr. White plant 3 of his 


field with oats ? 


No ; the three areas are not 
the same Size. 
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Discussion 

Usually children intuitively grasp the 
idea that in order for 2 parts of a 
region to be halves they must be 
equal in size. Thus, the criterion used 
in exercise 1 is that both regions 
called halves are the same size. As 
you discuss exercise 2, continue to 
emphasize that when fractional por- 
tions of one particular object are 
being considered, the portions must 
be of the same size. You might stress 
this by asking children to estimate 
what fractional parts Father’s piece 
of pie and Alan’s piece of candy are. 
Estimation of what fractional part 
of the field is planted with oats 
might be quite difficult for some. 


ae 


3 the two parts are 
Alan’s piece not the same size. 


No 


ime size. 





Same size. 





The important point is for children 
to recognize that the field is not 
divided into sections that are the 
same size. 

As you discuss the concepts above, 
it would be helpful to point out to 
the children that, when they are con- 
sidering fractional parts of a set, the 
parts can have objects of different 
sizes as long as each part has the 
same number of objects. For in- 
stance, for a set consisting of a horse, 
a cow, a pig, and a chicken, we could 
say that one fourth of the animals 
are in the bird family even though 
the chicken does not represent one 
fourth of the total bulk of the four 
animals. However, when we speak of 


Is Alan's piece 4 


Follow-up 

Suggest to the children that they 
think of and draw examples similar 
to those on page 267. When they 
have made up four or five true or 
false exercises, have them exchange 
papers and work each others’ prob- 
lems. Stress the fact that any exam- 
ples they intend to have considered 
true must be very carefully drawn 


Using the Ideas 


Answer true or false for each exercise. 


7 


4 of the region is red. False i of the region is brown. True so that their picture is as accurate 
4 4. as possible. 
Duplicator Masters, page 52 
Workbook, page 89 
Skill Masters, page 52 
4 of the region is green. False 3 of the region is blue. Faise 
. Hae oil 


7; of the region is blue. True 4 of the region is yellow. False 


vay 


3 of the region is orange. True 


_i 


3 of the region is red. False 





More practice, page A-26, Set 48 267 





a fractional part of a region, each of Using the Exercises 

the pieces must be the same size. Have the children work the exercises 
on page 267 independently. When 
they have finished, allow time for 
discussion and checking papers. 

Encourage all to try the Think 

problem and discuss it before you 
comment on which answer is correct. 
Although the trick is easy to see when 
pointed out, many will not find it. 
The statement, “One of them is not 
a nickel,” is often misinterpreted as, 
“Neither of them is a nickel.” 


Assignments (page 267) 
Minimum: 1-5, oral. Average: 1-6. 
Maximum: 1-8. 
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PAGES 268-269 


Objective 

Given a comparison of parts of a 
region to the whole region, the child 
will be able to write more than one 
fraction to express the comparison. 


Preparation 

Materials 

strips of paper approximately 20 or 
25 cm long, suitable for folding 
You might begin immediately with 

the investigation. However, if you 

prefer, spend a few minutes to pro- 

vide the children with practice in 

reading and writing fractions. 


Investigation 

In this investigation, children explore, 
through physical experiences, the 
idea that the same fractional amount 
of a whole may be named by more 
than one fraction. As children work 
through this investigation, make sure 
it is one half of the strip that they 
color. They may need to be reminded 
to fold the strip in half before they 
begin to color. By folding one strip 
of paper first in half, then into 
fourths, and finally into eighths, the 
child names the same amount with 
the fractions 4, 3, and @. 

You may wish to extend the in- 
vestigation by having the children 
color one half of another strip which 
is the same size as the first, and then 
challenge them to fold it in such a 
way as to show that 2 of the strip 
has been colored. 

When the child folds the same 
size strip in half and then into thirds 
to show six equal partitions, it is 
important that he realizes that his 
2 section is the same amount as the 
$ section of his first strip. Only by 
concretely relating the $ and @ to 
the same amount will he get the idea 
that the fractions ¢ and 2 represent 
the same idea. 
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® Can two fractions show the same amount? 








Investigating the Ideas 


Eas i 


2 of the paper 
is colored. 






4 of the paper Fold the paper twice. 


is colored. 


Can you fold and color a piece of paper 
to show § of it colored ?See Investigation. 






Discussing the Ideas 


1. What part of the dark green 
strip is covered by thered % ay ee) 
strip ? Can you give more than 


one fraction to show the part that is covered ? 
Yes; %and %4, for example. 
2. a Explain what you are thinking 


if you say, “3; of the 


i j "Samplea > ni £ tn 
region is red." geile Squares ave red. 


B Explain what you are thinking 
if you say, “3 of the 


region is red.” Sample answer: Three of the four 
columns are red. 






3. Explain two different ways you might 
think about the part of the small square 
region that is shaded. Sample answer: 





ll] ] 


One of the 2 larger triangles is shaded. 
Two of 4 smaller triangles are shaded. 
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Discussion As you discuss exercises 2 and 3, 


Spend sufficient time discussing the 
idea that the fractions ¢ and 2 name 
the same amount. If possible, use a 
transparency on an overhead pro- 


jector to show how the fractions %. 


and @ represent the same amount 
even though they represent different 
partitions of that amount. 

Discussion exercise | stresses the 
fact that the fractions ¢ and 4 name 
the same amount. Children may need 
help in identifying the thirds on the 
strip. Ask them how they are think- 
ing when they say the red strip is 
covering 4 of the strip and when 
they say the red strip is covering 
2 of the strip. 


continue to stress how the same 
amount can be named by more than 
one fraction. It would also be helpful 
to mention that the denominator 
(bottom numeral) indicates into how 
many parts the whole has been 
divided, and that the numerator (top 
numeral) indicates how many of 
those parts are being considered. 


Follow-up 

Children will enjoy paper-folding 
activities which help them work with 
fractions that name the same amount. 
For example, suggest that they fold 
and color pieces of paper to show 
that each of the following pairs of 
fractions names the same amount. 


Using the Ideas 


1. First give the missing number. Then give the fraction for 
the number pair. 


a 3 of the |llll parts are red.c 
Ill of the region is red. % 


12 42 

4° 8 6° 3 

3 6 Gust 

4> 8 pore 

B 1 of the lll parts is red.z BUR site’ 
ade 16> 2 12> 3 

Ill of the region is red. oie Pg 
16> 8 16> 4 


c 4of the |llll parts are red. 8 
Ill of the region is red.% 





2. Give at least two fractions to tell what part of each region is shaded. 
A c 
ay WAN 
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Using the Exercises 

Encourage the children to try to do 

the exercises on page 269 independ- 

ently. When they finish, ask volun- 

teers to explain the exercises. You 

may have to give help on some 

problems. 

In talking about exercise 2, have 

the children discuss how, for each 

figure, they can think of more than 

just one fraction to describe the part 

of the figure that is shaded. The line 

segments that divide each region 

should help the children think about 

different fractions for a given shaded 

portion. Assignments (page 269) 
Minimum: 1. Average: 1-2G. 
Maximum: 1-2. 
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PAGES 270-271 
Objective 

Given a set of objects, the child will 
be able to name a fractional part of the 
set by using more than one fraction. 


Preparation 

Materials 

2-cm graph paper or duplicated 
worksheets ruled into squares 

(Duplicator Masters, page 65); 

crayons; pieces of string (Counters 

may be used in place of the squares 
and crayons.) 

It would be appropriate to begin 
immediately with the investigation. 
However, if you prefer, prepare for 
this lesson by reviewing how 2 frac- 
tions can name the same amount. 
For example, display geometric 
shapes or strips of paper showing 
regions which may be named by 
more than one fraction, and ask the 
children to name them. 


Investigation 

In order for the children to circle 
the sets to show z, they must group 
the squares in twos. If they are using 
the 12 squares, 8 of which are blue, 
then 4 of these pairs will be colored 
and 2 not colored. Note that they 
are actually comparing part of a set 
to the total in the set. If the part 1s 
described as 78; or as @, it is the 
same part of the set which is being 
compared to the total. 

Two of the possible fractional 
names which show this comparison 
of the colored part of the set to the 
total set are as follows: 


GGG.Sse. 
890‘ sea" 


According to the needs and ability 
of the class, supply the children 
with added materials in order to find 
fractions which would show a com- 
parison of 8 colored squares out of 
a total of 24 squares. They should 
circle the squares in groups of 8, 4, 
2, and 1 to name 4, 2, ys, and oy. 
Alternatively, you might have chil- 
dren work in groups of two or three 
using counters and string. For exam- 
ple, if the children show 12 counters 
they could circle 8 of them with 
string to show 355. 
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@ Let's explore fractions and sets. 








Investigating the Ideas 






2 sets out of 3 sets are blue. 
2 of the squares are blue. 






On your graph paper, color 12 squares 
like this, with 8 of them blue. 












| 
i 
id 
| 
eB 
bd 
i] 
is 
a 





Can you circle sets of squares to 
show that é of the squares are blue ? 





See Investigation. 





Discussing the Ideas | 
1. a Explain what you are thinking 








if you say, ‘’3 of the 7s. -p eee 
1 *9 out of 12 (Cm \. f oe VG) 
squares are red.” squares are red.” jm) | yO) 
s Explain what you are thinking a | i se | O| 
if you say, ‘3 of the | a Ly | | lol 
"3 of the 4 ri ay et ae ee 

squares are red. B ot ine Sneed 2 2 






y Say Explain what you are thinking 





if you say, ‘4; of the circles (\ (ENC eee 
Se 1@1;@;,O;On?l 
_aregreant sertchomramy 1° SH! aaa 
B Explain what you are thinking le! le! lo} lo} lo} 
if you say, ‘’2 of the circles ~~" “5 
maw . 
are green. oFcircies ave graene? 
3. Explain two different ways you fave 
might think about what part Res ye | Row 
of the set of triangles is red. Lal 1A} . 
See Discussion. ~e — 
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Discussion 

One of the important points of this 
lesson is for children to realize that, 
for a given part of a set, they can 
often think of more than one frac- 
tion simply by considering different 
groupings. As you carefully discuss 
exercises 1 through 3, point out for 
the children how the dotted rings 
around the parts of a set help them 
think of the set in different ways. In 
exercise 3, for example, they might 
think, “1 ring of dots out of 2 rings 
of dots is colored” or “‘2 triangles 
out of 4 triangles are colored.” Stress 
the idea that they are considering a 
part of a total set compared to the 
total set. Later they will use frac- 


tions to compare two separate sets. 

Continue with the discussion, using 
as examples the groupings the chil- 
dren explored in the investigation. 
Ask the children to explain their 
thinking for each fraction they gave 
in the investigation. 


i ae 


Using the Ideas 


1. First give the missing number. Then give the 


2. 


fraction for the number pair. 


a 8 of the |llll squares are red. !2 
\llll of the squares are red. 72 


B_ ||| of the 6 sets have red squares. + 
ill of the squares are red. % 


Os 
Og 
Ons 
Og 


Cg — als —* et eat 

Daw 
‘soil 
Cee CEP ED 


c ||| of the 3 sets have red squares. 2 
iil of the squares are red. % 


For each set, give at least two different fractions to 
tell what part of the set is colored. 





Using the Exercises 
Before you assign the exercises on 
page 271, make sure children realize 
that for the second statement in 
exercises 1A, 1B, and 1C they must 
give a fraction. Also point out how 
the dotted rings help them think of 
the sets in a slightly different way, 
even though the same number of ob- 
jects is shaded for all three parts. 
When the children have finished 
the exercises and you are checking 
exercise 2, note that there are more 
than 2 correct fractions for each set. 
For exercise 2C, the children might 
give 4 or zs. With some imagina- 
tion, one might suggest Z. Although 
the fraction 2 would not be incorrect, 


o——— = 


Sm ee ee 
EF Se SS ED Se ES OE tay 


ee ee ee ee ee ee ee 
oS SS 


Se ee ee ee 


ara 





this set picture does not suggest the 
fraction = as telling what part of 
the set is colored. 

For the Think problem, you may 
wish to give the children 17 pencils 
or rods to manipulate to help them 
discover a solution. The problem may 
be solved in several ways, one of 
which is indicated on the annotated 
student page above. 


Assignments (page 271) 
Minimum: 1, oral. Average: 1-2. 
Maximum: 1-2. 


Follow-up 

Some children may benefit from use 
of the counters with pieces of string, 
whether or not they used these mate- 
rials in the investigation for this 
lesson. Encourage children to work 
together in small groups so that they 
can demonstrate for each other dif- 
ferent fractions with the counters and 
string. For example, write the frac- 
tions 3, 3, @, 785 on the chalkboard. 
Suggest that children use 12 or 24 
counters and circle the appropriate 
number of counters to show each of 
the given fractions. 


OO\OO 
4OO|OO OO 
Od/OO OO 


COCO O@O0o 
3000 £@OQoo 
©OO00 OMMoo 


Resources for Active Learning 

Mathex: Numeration No. 2, “Spin 

~~ and Say Game,” pp. 51-52, Ency- 
clopaedia Britannica Publications 
Ltd. 


OO 


Air 


par | 


PAGES 272-273 
Objective 

Given equivalent fractions, the child 
will be able to recognize and use the 
phrases ‘‘equivalent fractions’ and 
‘*is equivalent to.”’ 


@ What are equivalent fractions? 


Discussing the Ideas 
For exercises |-3, see Discussion. 
1. a Explain what you are thinking if you 


say, ‘4 of the region is shaded.” 
B Explain what you are thinking if you 
- say, “2 of the region is shaded.” 


Preparation 

To review previous lessons, exhibit 
-a set of 6 objects, 3 of which are 
red and 3 another color. Ask the 
children to write two fractions for 
this set. They will probably write 
“4” and “2”. Use other examples 
from pages 268 through 271 and ask 





@ Such pairs of fractions are called equivalent fractions 


the children to give you a pair of 2. a Explain what you are thinking if you Fa wn tere 
fractions for each figure. say ‘’2 of the dots are red.” 1@! \@! {o! 
B Explain what you are thinking if you Lied dete Del al 

say ‘é of the dots are red.” ha hag ait 


3. a Explain what you are thinking 
if you say, ‘’® of the way to 
the 1-cm mark is shaded red.” 


B Explain what you are thinking 
_ if you say, ‘’S of the way to 
the 1-cm mark is shaded blue.”’ 





Centimetres 


@ Such pairs of fractions are called equivalent fractions 


Zhe 





Discussion as = = . (Recall the explanation in 


In this lesson, children are intro- the mathematics section of the 
duced to the vocabulary for the con- introduction to the chapter: since 
cepts which were developed in the this chapter does not treat fractional 
previous lessons. Have several chil- numbers per se, equalities such as 
dren give their explanations foreach %= @ should not be written here.) 
exercise. Be sure that for each exer- 
cise children see the relationship 
between the two fractions and the 
picture. For example, in exercise 2, 
if we think, ““Two of the three sets 
of dots are red,” or if we think, 
“Four of the six dots are red,” we 
are thinking of the same part of the 
whole and the two fractions, 2 and 
2, are equivalent. 

Note that children are not expected 
at this time to write equations such 


iz 


Mathematics 
In this lesson, rather than provide — 
a formal definition for the equiva- 
lence of two fractions, we continue 
to develop the idea in terms of sets 
and parts of a region in such a way 
that children perceive intuitively the 
general idea of equivalent fractions. 


Using the Ideas 


. Complete the fraction suggested by the shading of each bar. 
Then copy the sentence and complete the fractions. 


a ————___— 8 
2 





iil The standard definition for equiv- 
ee | 
—ee se 10 alent fractions follows: 
: is equivalent to WS The fraction + is equivalent to ~yif 
Tak?) and only ifaX*d=bXce. 


The fact that this definition ex- 
presses the same general idea as does 
the intuitive definition given in the 
student text requires further con- 
sideration. Certainly, using either 
the intuitive definition or the stand- 
ard definition, we could easily 
observe that a fraction is equivalent 
to itself. Let us examine the fraction 
two thirds. Two thirds is equivalent 
to two thirds because 2 X 3 = 3 X 2. 
Now, let us examine the two frac- 
tions two thirds and four sixths. Of 
course, if we write the numerator 
and denominator of four sixths in 
factored form, we are saying that 
two thirds is equivalent to the 
fraction 








4 ill 


; is equivalent to 


10° 

. Write the pair of equivalent fractions suggested by each picture. 2x2 
2 Xaan 

That is, four sixths differ from two 


( @ MD thirds only in having a factor of 2 in 
{A A A) 9 3 !4ot be wth 2 Si 7 both the numerator and the denom- 
(a A AD 6° 44> % inator. Hence, 2X (2 X3)=3X 
CA ai ge) (2 X 2). Note that the difference be- 


tween this equality and 2X3= 
3 X 2 is simply a factor of 2 on each 
side. 

The importance of the idea of 
equivalent fractions lies in the fact 
that it allows us to separate our 
fractions into large classes from 
which we shall abstract the concept 
of fractional number. For example, 
we want to associate just one num- 
ber with the two fractions, two thirds 





Using the Exercises 

You might use exercise 1A on page 
273 as a basis for discussion. For 
example, the children should observe 
that the fractions for exercise 1A are 
equivalent because the same amount 
of the bar is shaded for each one; 


but for the second, they think of 7°5 
because of the divider marks, and 
for the first bar, they think of $. 
Be sure that the children are given 
ample opportunity to explain these 
ideas. 

Following this discussion, instruct 
the children to do the remaining exer- 
cises. When they have finished, ask 
them to explain how they arrived at 
the two fractions for each exercise. 


Assignments (page 273): 
Minimum: 1, oral. Average 
Maximum: 1-2. 


-¥1S2G. 


and four sixths, and we will also 

want to observe that there are other 

fractions for this same number, such 
Geese 

aS 9,12) 15: 

Resources for Active Learning 

Mathex: Numeration No. 7, “Equiv- 
alent Fractions,”’ pp. 41-42 (pupil 
pages 32-41), Encyclopaedia Bri- 
tannica Publications Ltd. 


Duplicator Masters, page 53 
Workbook, page 90 
Skill Masters, page 53 


Zh 


PAGES 274-275 
Objective 

Given charts or bars showing sets 
of equivalent fractions, the child will 
show his understanding of sets of 
equivalent fractions by listing the next 
three or four fractions of the set. 


Preparation 

To prepare for this lesson, review 
some familiar pairs of equivalent 
fractions. For example, give the 
children 4 and ask for an equivalent 


fraction. “Continue with examples 
bgt Dhaicwgere 
such as $, 70, Te 12> 3 6 8 


If children have difficulty thinking 
of equivalent fractions, explain that 
they will soon learn a way to find 
them more easily. 


Investigation 

Before the children begin the in- 
vestigation, ask them to study the 
two charts on the page. Be sure 
they understand how the divider 
marks on the various bars help them 
think of different fractions for the 
same shaded portion. Have them 
observe that the same length on 
each bar in a set is shaded. Note 
with them that the fractions listed 
below the chart are all names for 
the same shaded bar length. Explain 
that they are to study the third set 
and try to give at least the fractions 
for the bars in the chart, and then 
try to give other fractions that are 
in the same set. 

If some children finish quickly, 
encourage them to find other frac- 
tions in the sets shown in the first 
two charts. 


Discussion 
In discussing the results of the in- 
vestigation, be sure that children 
observed initially that, as in the first 
two charts, the same length on each 
bar in the third chart is shaded. Have 
volunteers explain how they decided 
what fraction names the situation 
illustrated by each bar in the chart. 
Encourage such explanations as, 
“One of four parts is shaded, so 
one fourth of the bar is shaded.” 
To extend the set beyond the frac- 
tions illustrated, we would like the 
children to think of +4, as the next 
fraction in the set of equivalent frac- 
tions for the one-fourth chart. There 
are a number of ways the children 
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1 4 
5, oe Serer t- 





might look at this. They might think 
of the sequence of the set of numera- 
tors, {1,2,3,4,...}, and the sequence 
of the set of denominators, {4,8,12,16, 
.|. Or, they might observe that 
each succeeding bar has four more 
parts than the bar before it; hence, 
if there are 16 parts, 4 of them would 
be required to make up one fourth. 
It is not important for the children 
to give precise descriptions of how 
they decide on is: rather, they 
should learn that there are various 
ways of arriving at 7s as the next 
fraction in the set. The pattern of 
the previously listed fractions intu- 
itively implies that 74s is the next 
fraction in this set, and this is what 





Can you find the 
missing fractions for 


this chart and give 
some more fractions 
for the set ? 





® Let's think about sets of equivalent fractions. 


Investigating the Ideas 





This chart shows some fractions This chart shows some fractions 
nat are equivalent to 3: 


that are equivalent to 3: 


(3, & 8 ta -- +}. 


we ime ie ie HE Ie” 


Discussing the Ideas - 
1. Can you describe what the next bar in the ‘One Half” 
chart would look like ?Five of ten parts would be shaded. 


2. What would the next bar in the ‘“Two Thirds” chart be like ? 
Ten of fifteen parts would be shaded. 


3. Is the same amount of the bar shaded for 3 as for $? Yes 


4. What name would you give to the last chart ?* One Fourth” 


we want the children to see. How- 
ever, notice that the next fraction 
could just as well be 3% or even 7%%. 


il 


leo Win IB wis 





This chart shows some fractions 


that are sau aee a u 2 x 
See Investigation and Discussion. Te a 


a 


1. Study the bars and give the missing fractions. 





oes. 4 i (} 
£26. spank cid. dx as 
6 IS 18 Zl Vi 2 26) 35 42 
5, 10 or 36 25 3S aE D {io 367 34, ‘S40’ 50' 60 


More practice, page A-26, Set 49 


Using the Exercises 
Notice with the children that in each 
exercise on page 275 part of the last 
bar is covered, so they cannot count 
the divisions; hence, they will have 
to figure out another way to tell 
what the next fraction is. In each 
case, the first fraction is given (in a 
later lesson, the children will learn 
to call this fraction the /owest-terms 
fraction for the set). During the dis- 
cussion of exercises 1 through 3, ask 
the children to tell the various 
methods they used to arrive at the 
answer to part D for each exercise. 
Exercise 4 is starred because no 
particular method has been suggested 
for finding the next three fractions 


Using the Ideas 


275 





in these sets; however, some chil- 
dren will be able to do this quite 
readily on the basis of an intuitive 
grasp of the concepts presented 
thus far. 


Assignments (page 275). 
Minimum: 1-2. Average: 1-3. 
Maximum: 1-4. 


Follow-up 

To provide children with more prac- 
tice with equivalent fractions, you 
might prepare a worksheet similar to 
the following. 





Give a pair of equivalent fractions 


to match pha picture. 
62 
12’ 4 


‘ ind hil repre 
(3) 







x) If 
dete - 














Eee ad T Td 








. Draw a picture that would match 
each pair of equivalent fractions: 
(3,3); (ra, 3)3 (Fo, 3); Cre, §)- 












You might want to refer to the 
“Resources for Active Learning” 
section in the introduction to this 
chapter for ideas for suitable fraction 
games. Fraction Dominoes, for ex- 


ample, would be an appropriate 
follow-up activity for this and subse- 
quent lessons. 


Workbook, page 91 
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PAGES 276-277 
Objective 

Given the first three or four mem- 
bers of a set of equivalent fractions, 
the child will be able to list other 
members of the set. 


Preparation 

It would be appropriate to begin this 
lesson immediately with the investi- 
gation. However, if you prefer, you 
might display charts similar to the 
bar illustrations in the previous les- 
son and ask children to give equiva- 
lent fractions to correspond to the 
bar lengths. 


Investigation 

This investigation could effectively 
be handled as a group activity. Have 
children work in groups of three or 
four. Direct them to interpret and 
discuss among themselves what is 
shown by illustrations A, B, C, and 
D. Then they should try to build a 
set of equivalent fractions as indi- 
cated in the investigation question. 
As you move around the room, make 
sure that all children have correctly 
identified the first member of the set 
as +. Do not expect the pictures 
which the children draw to be precise, 
but see that the partitions or folds 
they make follow the proper pattern, 
that is, first in eighths, then twelfths, 
sixteenths, twentieths, and so on. 
Some may tend to copy the fourths 
and then fold eighths and then six- 
teenths, forgetting about twelfths. If 
so, you might suggest that they draw 
a second picture of and divide it 
by 2 vertical folds. In any case, help 
them associate the picture to the pat- 
tern shown in the text for building 
the set for 3. 
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[A] 














1x3 vy 62S 
‘ink 4 
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Discussion 

One of the important points to stress 
in this lesson is the relation of each 
fraction of higher terms to the first 
fraction in the set. Note that exercise 


1 develops this idea in part C. Con- 


tinue with other examples to focus 
on this progression: the second figure 
(figure B) shows two times as many 
parts shaded and unshaded as in A; 
the third figure (figure C) shows 
three times as many parts shaded 
and unshaded as in A; the fourth 
figure, four times as many; the 
fifth figure, five times as many; and 
so on. Exercises 2 and 3 develop 
the skill of building sets of equivalent 
fractions based on the understand- 


like this, and fold them to show a set 
of equivalent fractions 2 28% stigation: 





2 eihe 


Investigating the Ideas 


A set of equivalent fractions 


Can you cut out and color four papers, 


¥ 


Discussing the Ideas 


So KS's 
3.x-4/ 








3. 6.9 


ing discussed in exercise 1. It may be 
helpful to exhibit on the chalkboard 
or overhead projector examples sim- 
ilar to the following: 


ees 6 Peng 
3 6 pga ikea 
Le XP wii 2 BD dee and tee 
12X13 DKH3rH3X 344 OSSD 


4. Give the set of fractions for exercise 3.{4 3’ 72° are ; 


® How can you build sets of equivalent fractions? 


\ 

1. a How many parts are shaded in [a] ? How many parts in all ? > 
B How many parts are shaded in [B] ? How many parts in all ?2.© 

c How many times as many parts are shaded in [ce] as in [a] ?> 


2. How would you find the next three fractions in the set above ? 
Multiply by 36, %,ana 4. 
3. How would you continue this set ? 


5x3 6x3 7x3 8x3 
Bx4 6x4 7x4 8x4 


Sy eee} 


ZI 2aone 
2B’ 32” 


b 








Using the Ideas 


1. Find the missing fractions. 


























Veet ax 1 Bax1 4x1 
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2. Find the next three fractions for each set of equivalent fractions. 


pea Ie 2 LC 5 10 15 20,25 30 
A {4, 2, oe ae 5” 18" Zi c {2, 12’ 18 ++ "S$ 54’ BO’ 3G 
Ch ee ieee: oe 5 (4 7 4 6 8 lo 12 
B {a fe 24: 32+ 40' 48’ Se D {$ri% 21 - + -} oar ao" a5 





More practice, page A-27, Set 50 
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Using the Exercises Many of the children will benefit 
Before assigning the exercises on page from a discussion of the problem 
277, make sure that children under- after the correct answers have been 
stand the method by which the miss- given. 

ing fractions can be found from those 

that are given. For example, in exer- 

cise 2C we would like the children 

to observe that the fraction +$ is 

found by considering 


2rd 
2606" 
So the fraction after +3 would be 
4X5 20 
4X6” 24 
You may choose to have all the 
children attempt the Think problem, Assignments (page 277) ________ Duplicator Masters, page 54 
but with the caution that these sets Minimum: 1. Average 1-2. Workbook, page 92 
may be more difficult than the others. Maximum: 1-2. Skill Masters, page 54 
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PAGES 278-279 
Objective 

Given a fraction, the child will be 
able to identify the numerator and the 
denominator of the fraction. 
Preparation 
Materials 
sale advertisements; recipes; mail- 

order catalogues 

To prepare for this lesson, review 
building sets of equivalent fractions. 
For example, begin a listing of the 
fractions #, 75, is. oo and ask 
children to continue to list several 
fractions. Use similar examples, such 
as 


cine wa wea 

3? 6? 9° 12> 

deg gees 

4>8°12>16>- 

5 10 15 20 

6? 129 18> 24> 
Investigation 


Many children will be able to think 
of ordinary uses of fractions without 
referring to the catalogues or adver- 
tisements; for example, they might 
list hat and shoe sizes, prices in 
grocery stores, news announcements 
regarding business, gas quantities 
for the car, distances indicated on 
road signs, and so on. However, it 
would be worthwhile to have ref- 
erence materials for the children 
to use after they have thought of as 
many fractions on their own as they 
can. 

Children will enjoy working on 
this investigation together. You 
might have three or four children 
work together to compile a list. Note 
that some of the fractions which 
children find, such as sizes of shoes 
and other apparel, will be written in 
mixed-numeral form. You need not 
point this out; the use of the frac- 
tion is the point to be emphasized at 
this time. 


278 


2. 
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Discussion 

Lead children in a discussion of the 
uses of fractions, and then, as exer- 
cise 1 suggests, encourage children 
to suggest the difficulties we might 
have if there were no fractions. Some 
may suggest difficulties such as the 
following: prices would have: to be 
given in terms of exact cents; we 
would need more units of measure- 
ment; we would have trouble de- 
scribing the relation of parts to their 
whole. During this discussion, have 
children write on the chalkboard 
samples of fractions from their lists. 
Then refer to these as you discuss the 
terms numerator and denominator. 
Stress the role of the numerator as 


Investigating the Ideas 


Can you make a list of other 


ways fractions are used ? 





Discussing the Ideas 





® Let's find out more about fractions. 


The pictures show some common uses of fractions. 





See Investigation. 


1. Can you think of any difficulties we might have 
if there were no fractions ? 


See Discussion. 


0@e@e 
0@e@e@ 


In these examples the numerator tells how many parts are red. 
The denominator tells how many parts in all. Can you read 
each fraction in the Investigation and give its numerator 

and denominator ? 


3. Which group of fractions do you think might be called 
“the eighths” ? “the sixths” ? “‘the thirds” ? Why ? 


The sets of fractions whose denominators are 8,6,3,etc. 


the term which designates how many 
parts of a whole are being considered 
and the denominator as the term 
which designates into how many 
parts the whole has been partitioned. 
Do not be concerned with the techni- 
cality that the numerator is the num- 
ber represented by the top numeral in 
the fraction and the denominator is 
the number represented by the bot- 
tom numeral in the fraction; in order 
not to confuse the children, simply 
observe with them that the numerator 
is the top number and the denom- 
inator is the bottom number. 


1. Give the word or numeral for each blank. 


a In#, the numerator is__?4. p There are __ 


c 4,4, 2areall__ 


2. Write a fraction for each part of the exercise. 


a Denominator: 7 2, 
Numerator: 2 


B Numerator: 4 
Denominator: 10 


c Denominator: 12 a, 
Numerator: 8 


3. Copy each set on your paper. Write the missing bninerators: 





In, 9 is the _ 


?_ fourths 


1o 


%* 4. The sum of the numerator and denominator of a fraction is 10. 
The denominator is 4 times the numerator. Give the fraction.” 


Using the Exercises 
On page 279, you might choose to 
work through exercise | orally. Then 
have children work exercises 2 and 
3 independently. For exercise 3, ex- 
plain that the color coding shows a 
red screen over the word numerator, 
with a corresponding red screen over 
all the numerators, and a tan screen 
over the word denominator, with a 
tan screen over all the denominators. 
Simply point out to the children 
that this color coding is to remind 
them of the names numerator and 
denominator and their meanings. 
Exercise 4 is quite challenging. Be 
sure that all the children who choose 
to do exercise 4 have time to com- 


?_derominator — In 2 3 is the 


F In, the denominator is __ ?_!°© 


p The denominator is 10, and it 
is 2 times the numerator. 3, 


E The numerator is 6, and the 
denominator is 3 more than 6. % 


F The denominator is 100, and 
the numerator is half that. 5%. 


Using the Ideas 


?° sixths in 2. 


RE; numerator 
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plete it before the correct answer is 
revealed. When the answer is given, 
even those who were not able to do 
this exercise should be able to see 
that the sum of the numerator and 
denominator of the fraction % is 10 
and that the denominator is four 
times the numerator. 


Assignments (page 279) 
Minimum: 1, oral; 2. Average: 1-3. 
Maximum: 1-4. 





Follow-up 

Encourage children to bring in and 
display advertisements which use 
fractions. They might also make 
illustrations or short reports to de- 
scribe other uses of fractions. 


Workbook, page 93 


219 


PAGES 280-281 
Objective 

The child will demonstrate his 
ability to work with the concepts 
indicated for cumulative review. 


Preparation 

Use one of the warm-up activities 
that children enjoyed most during 
previous chapters. For example, you 
might use the “What’s My Rule” 
game to review basic operations (see 
page 65 for details); or you might 
give them mental chain games such 
as those which follow. 

“Start with 24 ... Divide by 8 
... Add7... Divide by 2... Multi- 
ply by 9. What’s your answer?’~(45) 

“Start with 3... Multiply by 7 
:. . subteact. 3m Divide by 9°... 
Multiply by 6... Divide by 4. What’s 
your answer?” (3) 

“Start with 42... Divide by6... 
Multiply by5...Add1... Divide 
by 6... Multiply by 9. What’s your 
answer?” (54) 

“Start with 56... Divide by 8 
Se esubtract 2.2 2:Multiply:by St. 3 
Subtract 1. . . Divide by 6. What’s 
your answer?” (4) 


280 





1. Give the correct sign (= or #) for each lll). The sign 4 means 


“is not equal to.” 


a 63427 + 1000 ijl} 64427= 
100 x 1000 jill 1000000 4 4 
872 000 = 10 ifll87204 1 
1 000 000 il: 999 999 + 1= 
10.000 — 1 iil 99 0004 
6285 x 100 ili 628 500 = 


oa 8 


nn" m 


2. Find the sums. 








Ue BE te 





A2 B 32 c 428 p 7465 
W 58 106 8321 
8 46 750 2405 
6 71 623 3106 
23 ZO7 1907 21297 
3. Find the differences. pe 
Abani B 604 c 7028 
oe —29 — 4639 
38 575 2389 
4. Find the products. 
a 27 Bot o2 c:. 58 
x6 TE rere 
162 384 1508 
5. Find the quotients and remainders. 
aA 283 + 647RI c 316 = 132% 
B 4286 = 7@!I2R2 p 228 = 249rRI2 


70 X 1000 ill 70 000 = 

832 070 — 10 000 i 831 070 4 
10 x 10 x 10 ill 10 000 4 

10 000 ik 100 x 100 = 

10 x 10 x 10 x 10 ill) 100 x 104 
6322 — 302 ill 6020 = 





— 82 471 
93 265 
47721 
65 132 

288 589 
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Discussion 

Before you assign the exercises on 
page 280, you might briefly work 
through one or two examples of both 
the multiplication and division algo- 


rithm. Also, explain the symbol for. 


“is not equal to” (+). Exercise 1 is 
not intended to provide computa- 
tional practice; it is intended instead 
to provide practice in the use of 
reasoning. 

When the children finish the exer- 
cises, have volunteers explain how 
they arrived at their answers. You 
might have a few children exhibit 
some algorithmic exercises on the 
chalkboard. 

The children may employ many 


approaches for solving the Think 
problem. One possible method might 
be to reason like this: “Out of one 
hundred beads, I found only ten that 
were black. There are ten hundreds 
in one thousand, so I’d expect, in all, 
about ten times as many black beads 
as I counted. Then, since 10 X 10 = 
100, I'd expect to find about 100 
black beads in the can.” 





* 5. 


* 6. 
* 7. 


. There are 24 hours in a day. How many hours are 









there in a year that has 365 days ? 8760 


There are 7 days in a week. How many weeks 
are there in a year that has 365 days ? 52 (with | day left over) 


John said his brother was 1645 days old. 
a How many days old will John’s brother be 
in another year (365 days) ? 2010 
s How many days old was he one year ago ? 1280 


Some years have 365 days, and others have 366 days. 
How many days are there in 6 years if one of 
the 6 years has 366 days ? 2191 


There are 60 seconds in one minute and 60 minutes in 
one hour. How many seconds are there in 24 hours 
(one day) ? 86 400 


How many seconds are there in a week ? G04 800 


March has 31 days. 
a Without looking at a calendar, tell what day 
in April is 3 weeks after March 20. April to 
sB What day in April is 4 weeks after March 10 ? April 7 
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Using the Exercises 

Assign page 281 as independent 
work. Allow sufficient time for dis- 
cussion when the children finish. 
Ask those who tried exercise 7 to 
explain fully how they arrived at a 
given answer. For example, they 
might explain that three weeks is 21 
days, and 21 and 20 are 41; March 
has 31 days, so they subtract 31 from 
41 to find that the date for part A 
should be April 10. Of course, for 
part B, starting with March 10 and 
adding 28 days would make 38; 
subtracting 31 from 38 would leave 
7; hence the date would be April 7. 
The children will discover many ways 
to think about this exercise. 


Follow-up 

Most children will enjoy solving a 
cross-number puzzle as a way of 
reviewing operations. For this ac- 
tivity, duplicate a puzzle similar to 
the following one. (Or, make the 
puzzle on a chart and display it on 
a bulletin board. Cover the chart with 
acetate and allow the children to 
complete it during the checking 
period.) Depending on the ability of 
the children, you might extend the 
puzzle to 36 squares, and make the 
problems more complicated. 





Across: 


1. First three odd numbers 
4. The even prime number 
5. Three quarters total __¢ 
6. Half a hundred 
7. The number we cannot 
divide by 
8. 1 less than 1000 
9. The number of seconds in 
an hour 
(Hint: 60 x 60 = ?) 
10. The number of days in 
10 weeks 
11. Half a dozen 
Down: 
. 200 — 30 
TES) 
. 500 + 100 
. 10 less than 2100 
. 5000 + 900 + 6 
100 — 4 
. (2+ 1) xX 10 
63 +9 


SCOADRWNE 


— 
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PAGES 282-283 
Objective 

Given pairs of colored strips, the 
child will be able to express a com- 
parison between two strips by using 
a proper or improper fraction. 
Preparation 
Materials 
colored strips 

The nature of this investigation 
makes it appropriate to omit any 
specific preparation. However, if you 
wish, you might review equivalent 
fractions. For example, ask children 
to write three or more fractions for 
each set: 








a? 2s 

{35 4> 69°: 5 

fl 23 

(38> 6° 92° a 

3 oS 5 

{a ts 12> 2 20> Ah 

Pe 6 10 

{z> i P53 ie 252.5 } 
Investigation 


Explain to the children that they 
should compare the strips systemat- 
ically by comparing the top strip to 
the bottom strip, so that in each case 
the numerator corresponds to the 
top strip and the denominator to the 
bottom strip. The illustrations in the 
text give examples for the children 
to study. In this investigation it is 
expected that children will work with 
improper fractions as well as proper 
fractions. As you move around the 
room, observe whether or not chil- 
dren are working with both proper 
and improper fractions; make any 
appropriate suggestions to those who 
are not. For example, suggest that 
they compare the blue strip as the 
top strip with the light green strip 
as the bottom. 

It would be helpful to show the 
children a sample table of how they 
might record their comparisons. For 
instance, write on the chalkboard a 
suggestion similar to the following: 


Pairs of Strips Fractions 
purple — 4 
yellow <> 5 
black = fi 
purple — 4 
blue — a 
yellow — 5 
brown — 8 
red = is 
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Investigating the Ideas 


The purple strip 
is as long as 
the yellow strip. 


® Can fractions be used to compare objects? 


_ =D 
oo _ 








The light green strip 
is 3 as long as the 
purple strip. 





A Fly 4 


D Beetle“ or % 
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Discussion 


One of the most important points 
of this lesson is to help children 
realize that the numerator of a frac- 
tion may be greater than or equal to 
the denominator. Do not belabor the 


term improper fraction. Children 


should be familiar with the term as 
it applies to fractions having numer- 
ators equal to or greater than their 
denominators, but do not stress the 
word; we do not want the children 
to think that there is anything at all 
“wrong” about improper fractions. 

After you discuss exercises 1 and 
2, use the children’s results from the 
investigation as a basis for discussion. 
Ask children to name a pair of strips 


Can you use some other pairs of strips 


and ive the fractions that compare them ? 
nswers will vary. See Investigation. 





Discussing the Ideas 


1. What fractions would you use to 
compare each insect with the unit shown ? 








B Ant %or lo c Bee 





E Grasshopper % 





2. A fraction with its numerator equal to or greater than 
its denominator is called an improper fraction 
a Which of the fractions in exercise 1 would 
you Call improper fractions ? D, E, F 


B Did you find any improper fractions in the Investigation ? 
Answers may vary. 


which they used and the fraction 
which compares the two. Then ask 
others to identify the fraction as 
proper or improper, and give another 
fraction showing a comparison of 
one of these pairs of strips. 





F Dragonty sa 3 





Using the Ideas 


1. Give the missing numerator for each fraction. 


A 





The red strip is 
2 as long as the 
light green strip. 





The yellow strip is 


5 ! as long as the 
dark green strip. 


2. Which of the fractions in exercise 1 are improper fractions ? 


3. Which is larger, a worm that is 2 units long or one 





The purple strip is 
4 as long as the 
light green strip. 





6 
The fraction ; compares the 
snail with the unit. 


The fraction 3 compares the 
worm with the unit. 








that is 7 units long ? One thatis 2 untts long 


Using the Exercises 

Assign the exercises on page 283 as 
independent work. When the chil- 
dren finish, provide ample time for 
discussion. It would be helpful to 
use a clear plastic ruler on the 
overhead projector as you discuss 
parts A through F of exercise 1. Be 
particularly careful that the children 
count the fractional parts correctly 
and are not misled by the whole 
number |. You might use these exer- 
cises to point out which fractions are 
other names for 1. 


‘Ee 


The black strip is 
7 as long as the 
yellow strip. 


‘jim 


The fraction § compares the 
tadpole with the unit. 


Rican, 
The fraction § compares the 
minnow with the unit. 





C,D,£,G,H 


283 


Assignments (page 283) 


Minimum: 1. Average: 1-2. 


Maximum: 1-3. 





Follow-up 

Suggest to the children that they use 
their strips and measurement to find 
fractions. For instance, think of the 
light green strip as a unit which has 
three parts. Measure various objects 
in the classroom. Write proper or 
improper fractions to show the 
length of these objects. For example, 
a pencil measured with this unit 


might be written as 4’. 


Workbook, page 94 
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PAGES 284-285 
Objective 

Given sets of equivalent fractions, 
including those with zero numerators, 
the child will be able to write more 
fractions for each set. 
Preparation 
Before beginning the investigation, 
review equivalent fractions by ex- 
hibiting on the chalkboard a set ot 
equivalent fractions such as (3,3 @> 
3, +4, ...}. Notice with the chil- 
dren that they can get 
LOS 
2x4 
BS) 
12 ane 


or “ik a OD 
16 y thinking about 7]; 


> hinki b ees 
0 y thinking about 5 4: 


6 
3 by thinking about >—_, 


by thinking about -—, 


Give the children similar exercises 
in constructing sets of equivalent 
fractions, but do not extend such a 
review beyond the time customarily 
allotted for preparation. 


Investigation 

In this investigation, children study 
a variety of fractions, including frac- 
tions with zero numerators. It would 
be appropriate to have the children 
work either individually or in groups 
of two or three. Direct them to see 
if they can figure out the distinctive 
characteristic of each set and form 
other fractions for each. Some may 
relate building the set to the review 
that was used as preparation. For 
example, Type D follows the pattern 


Dla 2 4X2 


Leela baa Xel: Ss 


However, many children will be able 
to give the next three fractions with- 
out thinking through such a definite 
pattern. 


284 
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Discussion 


As you work through discussion exer- 
cises 1 and 2, have children explain 
how they found the next three frac- 
tions for each set in the investigation. 
Show how the set {¢, $, $, 2,...} 
is constructed from the first fraction 
by the same method as was illus- 
trated previously; that is: 


2X0 3X04xX05Xx0 
2612.3 34a) aie | 5 Sl 


This is a particularly important 
point because we consider this set of 
fractions in our construction of frac- 
tional numbers in Chapter 14. 

The sets of fractions in the in- 
vestigation are labelled with the letters 


Can you give the next three fractions 
for each set of pauialest fractions ? 
ati 


® Let's explore different types of fractions. 


Investigating the Ideas 


These are special sets of equivalent fractions. 





Discussing the Ideas 


1. Can you explain what is special about each of the types 
of fractions in the Investigation ? Fractions within each 


tare equivalent. 


2. a Which type has zero numerators ? type A 
B Which type has numerators (not zero) 
less than denominators ? type B (proper fractions) 
c Which type has numerators greater than denominators ‘rtproper 


p Which type has numerators equal to denominators ? 
Type CG 
3. Give the fraction that tells what part of each region is red. 


A% Bz, c D% 


4. Which type (a, B, c, or p) is each fraction 
you found in exercise 3 ? Why ?34 Type C- num =denom; 
% and % Type B-num <denom ; % Type A- num=O 


A, B, C, and D simply for con- 
venience in discussion; the children 
should realize that these labels have 
no significance otherwise. 

One important point is to help 
children identify the fractions as 
proper fractions when the numerator 
is less than the denominator; as 
improper fractions when the numera- 
tor is equal to or greater than the 
denominator; and finally as zero 
when the numerator is zero. 


Follow-up 
You might find it helpful to provide 


Using the Ideas children with a worksheet similar to 


1. Give a fraction to tell 2. Write the next three fractions. Dasfellowing. 
what part of each bar is red. Res 2? 2.7, % Give a pair of equivalent fractions 

_ Ae cae Gust 

ge Ie a ae ae ar, 3% 

B , ft 7 Ch RLY ee 
om Ge : 
5 3 

%c iT 6~—h|lhCCSdS c g, 5 ¢, 5 ¢; bos ?. 2646 5% 
4o MMM TT tbs TT 1? 2? 70 For 
itl A i el 


3. Which of these fractions are improper fractions ? 
3 4 Z 10 Z 
$48E583 PLE B US %%%71.%1'%.% 


For exercises 4 and 5, copy the fractions on your paper. 
Write three more fractions for each set. 


Write the next three fractions in 
each of the following sets. 


5 18 





Sh sma. | OF 0! BORO 
4a 2% @- SSBB E 4%, & Tor Ter 2 Beas 

4 12 16 20 24 3 6 -— z 

B {3, & gr: 12’ 15 18 Ae aa Coa jE = 
5m 105 20 25 30 IZ AST 

c {3, re Gat B 10’ 12 G {3, & o..} zs 5,8 

>& 2 1 20 25 30 ghilarad I2 15 18 Workbook, page 95 
Sr 6Ff Qr 12” 56’ H {ior 20° 307 40’ 50’ 66 


ol 
> 
a 
iA 
Nin 
wi 


s 
. 





048 
ets 3. 
of 8% 
e OP, B®. 
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Using the Exercises 

Depending on your children’s need 
and ability, you may choose to work 
through exercises 1, 2, and 3 on page 
285 orally with the children. Assign 
exercises 4 and 5 as independent 
work. When the children have fin- 
ished, have them explain how they 
found the next three fractions of 
each set. 

Most children who understand 
equivalent fractions will have no 
difficulty with the Think problem. 
Ask those who solve it to tell the 
rest of the class how they thought 


through the problem. Assignments (page 285) 


Minimum: 1-2. Average: 1-4. 
Maximum: 1-5. 
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PAGES 286-287 
Objective 

Given two fractions, the child will 
be able to determine if they are 
equivalent by comparing their ‘cross 
products.”’ 
Preparation 
You might review the topics covered 
in the previous lesson and ask chil- 
dren to give two more members of 
some sets of equivalent fractions 
such as: 





ae 

2 4 6 
Ase om peed 
ee ee 

j4A 7 } 

GAS Tien >i us: 

{4 


2 18 24 30) 
4> 6> 8°10 
Investigation 

As children work on this investiga- 
tion, they will soon realize that they 
are limited in their choice of frac- 
tions because all terms in any 
fraction they choose must be factors 
of 12. Furthermore, the terms of 
these fractions must be so arranged 
that their cross products equal 12. 
Besides the pair illustrated (3, 75) 
these pairs meet the stated conditions: 


A ah ee | PA AN? 3 4: 

(12, le Mayen | Gro 

ro fe 33 12 4 

€. 3) (3, 4) (3 > +) 

i ip” 4 

3D Go) Cee a) 

4 1 

Coa Ge) (qa, 3) 
12 6) (§ 4 
eotnea) ee! 
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show that § is 





show that ¢ is 


Discussion 

As you discuss exercise 1, help chil- 
dren study the pairs of fractions 
which they found in the investiga- 
tion. Be sure they recognize that 
each pair that has equal cross prod- 
ucts is a pair of equivalent fractions. 
In exercises 2 and 3, be sure children 
observe the shaded amounts of the 
bar and relate them to the fractions. 
Be particularly careful that they see 
that the amount of the bar shaded 
for = is greater than the amount 
shaded for €. 

You might want to accompany 
this discussion with several illustra- 
tions of parts of objects as a check 
to see that two fractions are equiv- 


Investigating the Ideas 


Sometimes the two “cross products” 
of a pair of fractions are equal. ——————> 


How many other pairs of fractions 
can you find and record in which 


the “cross products” are both 12? joc. 
Tnvestigation and Discussion. 


Discussing the Ideas 


2. a Does this picture 


equivalent to ?Yes 


sB How would you complete ZS —4 
2 


this sentence ? 


3. a Does this picture 


equivalent to $? No 


p Are the “cross products” equal ?No S95 
Are the fractions equivalent?No (>< 8)}—4 


® Can you tell if two fractions are equivalent? 






1. The two fractions, 3 and §, in the Investigation are 
equivalent. What do you notice about the pairs of 


e pairs are equivalent; 


fractions you found ? bht, have equal’ cross products. 





alent. Then you could compare the 
illustrations with the results of the 
cross-product method of checking 
for equivalence. The overhead pro- 
jector would be appropriate for this. 
For example, prepare a transparency 
of two congruent rectangles. Use an 
overlay on each of these and draw 
partitions corresponding to the two 
fractions you are comparing. 
Example: 





6X 16= 12 X 8 
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Using the Ideas 


. Find the “cross products” that are ringed. Then tell whether 
the pair of fractions is equivalent or not. 


aQ@o<p7e_ 2 Go<B0 oe. we o6><a 
20° CS 25 21" fos C5 


10 
eel 1d) ale <a n (Bog 
G2 18 E545)20 Ce Sf 


. Tell whether or not the two fractions are equivalent. 


y, 


Sidietee rch? 348 03 9 £6 9 0 0 
aaa 8 10 3 18 8 24 Oe 4 9 1 
Yes No Yes Yes Yes Yes 


. For each part of the exercise, write the two fractions 
suggested by the shaded parts of the two regions given. 
Then tell whether or not the two fractions are equivalent. 


A as BY,» % Yes c %, He Yes 
- 

oo i 4 

& (ea 

No Mil) ete as [| 


. There are 30 children in Ann and Janet's class. 15 of the 
children are girls. Ann said, ‘’33 of the children are girls.” 
Janet said, “2 of the children are girls.” ane 
a Use the cross-product method to show ete a eae dalle 

that the two fractions are equivalent. eae ene 


B Are both girls right ? 30x3=90 
Yes a> 


15x 6=90 

















. Mike and Tim are both in the school science 

club. Mike said, “$ of the children in our 

club are boys.” Tim said, ‘’ of the children 

in our club are boys.” 

a Use the cross-product method to show that 
these two fractions are not equivalent. 

B Did one of the boys make a mistake ?Yes 
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Using the Exercises 

Be sure children understand the 
cross-product method for checking 
equivalence before assigning exer- 
cises 1 and 2 as independent work. 
When children finish the exercises, 
allow sufficient time to discuss them. 
In particular, ask some children to 
explain their answers for exercises 4 
and 5. 


Assignments (page 287)* 


Minimum: 1-2. Average: 1-3. 


Maximum: 1-5. 





Follow-up 

The game described below provides 
practice in finding pairs of equivalent 
fractions. Number the faces of six 
wooden cubes as follows: 


2 cubes numbered | through 6 

2 cubes with even numbers 2 through 
ps 

1 cube with 3, 6, 9, 12, 15, 18 

1 cube with 4, 8, 12, 16, 20, 24 


All six cubes are rolled at once. 
The player who rolls the cubes tries 
to form a pair of equivalent frac- 
tions made up from the numbers on 
the top faces of the cubes. Score one 
point for each pair found. The game 
can be played until one player 
reaches a predetermined number of 
points. Let the children make up 
their own rules for challenging in- 
correct pairs or overlooked pairs of 
equivalent fractions. 


Workbook, page 96 
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PAGES 288-289 
Objective 

Given a set of equivalent fractions, 
the child will be able to recognize or 
find the lowest-terms fraction for the 
set. 


Preparation 
Materials 
crayons; small slips of paper 


Provide children with practice in 
checking equivalent fractions. For 
example, write pairs of fractions on 
the chalkboard and ask children to 
identify those which are equivalent 
fractions by the check they learned 
in the previous lesson. Samples: 


® 4 (1 X 442 &X 3, not equivalent) 
2 4 (2X6 = 3 X 4, equivalent) 

@ 1 12 (4 X 12 = 6 X 8, equivalent) 
ro 12 (3 X 12 = 4 X 9, equivalent) 
5 
6 


3 (5 X 2046 X 18, not equiv- 
alent) 


2,4(2X4#1X5, not equivalent) 


Investigation 

In this investigation, children use two 
sets of whole numbers to form frac- 
tions, and then match those which 
are equivalent. They should first 
make and record a fraction from the 
numbers in the first set; they should 
use the second set to try to make a 
fraction which is equivalent to the 
fraction they made from the first set. 
It would be appropriate to have the 
children work in groups of three or 
four. Remind the children to check 
the pairs they think are equivalent 
fractions by using the method de- 
veloped in the previous lesson and 
reviewed in the preparation period. 
Many pairs may be found, some of 
which follow: 


ge i. ae, Phe 6 3. 4 2. 
8> 2°? 22 1°? 8> 4° 8 42 
eels IGE ie Ge PAS See 
8° 4> 4>2> 6° 38>? 4> 1 


If you choose to extend this in- 
vestigation, you might include the 
number 12 in the first set and the 
number 6 in the second. 
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iy 


How many pairs of equivalent fractions 
can you find in this way ? F3Gestigation. 





Make a 
fraction. 


to each of these. 


1 2894 


4’8'12'1 
288 





Discussion 
Use exercise 1 as a basis for a dis- 
cussion of the investigation results. 
After you point out that 5 is equiva- 
lent to 2 and is in lowest terms, use 
the fractions Z, 2, and x to bring 
out the idea that 4 is in lower terms 
than ¢ but that 4 is in the lowest 
terms. Also observe with the chil- 
dren that the phrase Jowest terms is 
used only in reference to equivalent 
fractions. For example, we do not 
say that q is in lower terms than #. 
Rather, both r and 4 are in lowest 
terms compared to any fractions 
which are equivalent to either. 

Use other sets of equivalent frac- 
tions to expand exercise 3. It is 


Investigating the Ideas 


Color and mark slips of paper like these. 


a] 
as 





to the first. 





Discussing the Ideas 


1. Each fraction you made from the green set, except with 2 
and 4, is a lowest-terms fraction. Can you use the green 
set to make a lowest-terms fraction equivalent to 3? 2 


2. Find a fraction from the green set that is equivalent 


ex.s) 4 dv 4, 
ee =A 
2 


‘Phas 


= 


ys 0 248 Le 


important for children to realize that 
a fraction is in lowest terms when 
there is no equivalent fraction in 
lower terms than itself. Have them 
note that for each set of equivalent 
fractions there is only one of the 
fractions which is in /owest terms. 


@® When is a fraction in lowest terms? 


i make a different 
nee equivalent 


Using the Ideas 


1. Build a set of equivalent fractions from each lowest-terms 
fraction. Find at least six fractions for each set. 


4 468 234 2 

A 14'S'S' 5 GS 9' 12 12’¢ ae s' 20'p 32% wae 5 1218’ 2 - Pu 
5 10 12 14° 7 15 18 21 2530 35° 4 ‘Te’ 
10! 12! 14 1S’ 18° 21 Bsa 50 60'70 0’ 36'42 se 

2. In each set, find the can for the i. 

abe E. &..33,)* F {3M 22-3 12 (2) 

2G 2M... 32 8) eM &S. 34) 

eh M.$..320) (eh 32%, 

dD {733M -- 322) 1 {B-22.-32 (4) 

e (734... $4) J {BE 4648.. 3 SG) 


* Answers for exercise 3 are in parentheses. 
3. Give the lowest-terms fraction for each part of exercise 2. 


4. Find the lowest-terms fraction in each set. 


A (ie 3 2b 8 $34 © {100 Zo 10 80 ZO} 5 
B {28, % fo 58 2} 2 D { 100, 16 80° 26, att 





More practice, page A-27, Set 51 289 





Using the Exercises the corner which has the four sepa- 
On page 289, exercise 1 emphasizes rate tips of paper. If they do this 
the fact that, starting with the lowest- carefully, their unfolded colored 
terms fraction, a set of equivalent square should look like this: 
fractions can be built in which all 
succeeding fractions are equivalent 
to this lowest-terms fraction. Exer- 
cises 3 and 4 provide practice in 
_ finding fractions in lowest terms. 
However, the emphasis should be, 
not on having children develop skills 
for finding fractions in lowest terms, 
but on having children think about 
constructing sets of equivalent 





fractions. 

To do the Think problem properly, Assignments (page 289)*_______._._ Duplicator Masters, page 55 
children must carefully note the third | Minimum: 1-2. Average: 1-3, Workbook, page 97 
step of the directions, to take hold of | Maximum: 1-4. Skill Masters, page 55 
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PAGES 290-291 


Objectives Fraction Exercises 
Given related units of measure, the 
child will be able to use fractions to 1. Write a fraction for each |lllj. 
express the relation of one unit to (Example: A second is & of a minute.) 
another. 


: i i f an hour. 
The child will have an opportunity a Aminute ts il of an hour.eo 


eS 
to experiment with fourths of a square. An hour is |illl of a day. 24 


B 

c Aday is |illl of a week. 4 

pv A month is ||lll of a year. 4 

A year is ||ll| of a decade. “% 

A decade is ||||| of a century. 

A centimetre is lllll of a decimetre. /,., 
A decimetre is lll of a metre. io 

1 Ametre is Ill of a kilometre. 455 

A gram is lll of a kilogram. +2o 


Preparation 

It would be appropriate to begin this 
lesson immediately with page 290, 
omitting any specific preparation. 


za mn m 


Gq 





%* 2. Give the lowest-terms fraction for each |i. 
a 4months is ||| of a year. 4 
B 40 minutes is || of an hour. 44 
c 400 grams of steak weigh Il of a kilogram? 
p 30 centimetres is lll of a metre. ¥, 
e 5 decimetres is lll of a metre. 

100 metres is lll of a kilometre, 

A quarter is ||ll| of a dollar. 4 

A dime is ||lll of a dollar. % 

A nickel is |\lll of a dollar. 45 

50 centimetres is Illll of a metre/4 

12 seconds is lll of a minutes 

A half centimetre is Ill of a metrey 
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r kX G&G 





Discussion 

Both of these pages may be treated 
either as small-group activities or 
as independent investigations. All of 
the required information is in the 
Tables of Measures at the back of 
the book (page A—38) or in pre- 
vious lessons (refer children to page 
46 for the meaning of decade and 
century). 


Assignments (page 290)* 
Minimum: 1. Average: 1-2D. 
Maximum: 1-2. 
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sr Solutions, page 291 


FUN WITH FouRTHS I 


seen ae 


Each piece is exactly + of a square. Trace and cut out 
four copies of each, and see if you can put them together 
See Using the Exercises and Solutions, 


to form a square. 


TE. page 291. 


Using the Exercises 

Page 291 provides the children 
with an opportunity to work with 
fourths in relation to geometric 
shapes. Children might be amazed 
to realize in how many ways a square 
can be divided into fourths. 

Since all of these shapes can be 
formed with rubber bands on a geo- 
board, you may prefer to have the 
children work with a 4-by-4 square 
on the geoboard. 

Some children may become dis- 
couraged if they find some shapes 
too difficult to work with. Give hints 
to such children (see ‘‘Solutions’’), 
but do not weaken their opportunity 
for discovery. Help them to realize 
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that some of these are very difficult 
and they should not expect to solve 
all of them in a short amount of 
time. 

If the children cut out the fourths 
from paper, you might have them 
show their results by pasting the 
pieces in position. 


Assignments (page 291)* 
Minimum: 1-3. Average: 1-6. 
Maximum: 1-8. 


MRIEE 
AMEX 


Possible hints 
The tiny dot on each figure desig- 
nates the corners that meet at the 


centre of the square. 
3 P 4 Dy 5 f° 
totes 
Follow-up 
You might suggest that some chil- 
dren try to find how many ways they 
can form halves of a rectangle on a 
geoboard. Below are a few ways that 


a 6-by-4 rectangle may be divided 
into halves. 


| 
WA ee 


291 


PAGES 292-293 


Objective 

The child will demonstrate his 
ability to work with the concepts pre- 
sented in this chapter. 


Preparation 

Spend a short time reviewing any 
concept presented in this chapter 
which was particularly troublesome 
for the children. For example, review 
the construction of sets of equivalent 
fractions beginning with the lowest- 
terms fraction (one of the most im- 
portant topics of the chapter). During 
the construction of these sets, pre- 
sent several examples to illustrate the 
equivalence of pairs of fractions 
within the set. You should also have 
the children select two fractions from 
a given set of equivalent fractions 
and check them for equivalence by 
using the cross-product method. 


292 





1. Give a fraction to tell what part of each picture is shaded. 


sO mmox% 
Om@d 
Om@eo 
ooma 


A 3 
40 


2. Give a fraction to tell what part of each bar is shaded. 





3. Use the cross-product method to show 


that your trachigns ie SE 
6x10260 6x 15=90 
© _ ate equivalent Qeverse GQ eneee 
(S25 ye a 
. Give three more fractions for each set. 


Ae 12 15 18 
7 14: 31 26 35° 42 
p {48 2 Io 20 24 
br 10’ 157+ +S 25’ 35’ 30 


5. Tell whether or not the two fractions 
are equivalent. | 


Off 


8 
3 


10 15 
Bee 12 


7d 8 
Aa 16 Yes B 


6. Give an improper fraction 
that tells how the dark green 
strip compares with the 
purple strip. & 


Te Write a set of six equivalent fractions for each lowest- -terms Macher 


232 4 23 4 14 21 
Lees 1 8’ 12’ Té' > el TR! 3 6’ 12' te’ 7 ee ma 
AN2 6 @ 7 8 are ot oho eee 4 > dis ie 2 E 835 42 49 
10! 12) 14 20' 24' 28 1’ 16’ 2 Zo’ 24 28 40' 48' pe 
292 
Discussion 
Assign page 292 for children to do 
independently. When they have 


finished, use the exercises as a review 
of the most important topics in the 
chapter. Children should realize that 
they should use the cross-product 
method in exercise 5. Spend ample 
time discussing exercise 7; it deals 
with one of the more important 
topics in the chapter. 
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Resources for Active Learning 

Franklin Series: Patterns and Puz- 
zles, “Fraction Fun,” pp. 64-68, 
Lyons and Carnahan. (Available 
from McGraw-Hill Ryerson) 

Math Activity Cards, ““Map Color- 
ing,’ C17, Macmillan. 

Mathex: Numeration No. 7, “Puz- 
zles” and “Games,” pp. 43-45, 
Encyclopaedia Britannica Publi- 
cations Ltd. 

Nuffield Project: Problems—Green 
Set, No. 21, Wiley. 


Workbook, page 98 





Wuls WSL, 
PR OWIINGES 





1. Canada has ten provinces. Two of them border on James Bay. 
Give two fractions that tell what part of the provinces border on 
James Bay. 4%, , Ve 


2. Ontario touches four of the five Great Lakes. What fraction of 
the lakes touch Ontario ? What fraction of the lakes do not 
touch Ontario ? % , Ys 


3. Eight of the provinces have a seacoast. Give two fractions to tell 
what part of the provinces this is. Yo ) % 


4. Seven of the provinces border on the United States. What 
fraction of the provinces share some border with the United 
States ? What fraction of the provinces do not share a border 
with the United States ? %o, “/o 


5. Five provinces have seacoasts on the Atlantic Ocean. Give two’ 
fractions to tell what part of the provinces are on the Atlantic 


Ocean. % 
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Using the Exercises 

As part of the chapter review, page 
293 emphasizes equivalent fractions 
as well as the role of fractions in 
expressing the relationships of parts 
to the whole. Exercise 2 may chal- 
lenge some children, but when they 
realize that Ontario does not touch 
one of the lakes, they should see 
that '/; of the lakes do not touch 
Ontario. 

Keep in mind during the discus- 
sion of these exercises that one value 
of such an exercise set is that it 
encourages children to develop inter- 
est in other topics and in the applica- 
tion of arithmetic to these topics. 
For this reason, you should encour- 


age discussion of the geography of 
Canada and, perhaps, give the 
children an opportunity to make 
up some problems of their own with 
respect to the map on this page. 
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PAGES 294-295 
Objectives 

The child will demonstrate his 
ability to work with the concepts in- 
dicated for cumulative review. 

Given suitable materials, the child 
will be able to weigh various ob- 
jects, including himself, to find ap- 
proximate weights. 


Preparation 

Materials 

Sets of weights (if possible, 1 set 
for every 5 children) that include 

100-g, 200-g, 500-g, 1-kg weights; 

demonstration set that includes 

I-g, 5-g, 10-g, 20-g, 50-g weights; 

sets of balance scales 
To prepare for this lesson, review any 
topic with which the children pre- 
viously experienced difficulty. If no 
such topic is apparent, you might 
review measurement to the nearest 
half unit or you might review the 
division algorithm using 2-digit 
divisors. 

Page 295 is a discussion page and 
should be treated lightly. If possible, 
have models set up in the classroom 
like the first two illustrations in the 
pupil text. If sets of weights and 
balance scales are available, divide 
the children into groups and let 
them handle the weights and scales 
and play with them to become 
familiar with them. 


294 





1. Give the correct sign (+, —, x, +) for each il. 
a 48 i 48 > 100 


B 127 lh 29 = 98- 

c 564 jl) 1 > 564+ 

p 329 il 0#329x | 
E 0 ill 28 > O+ 


nn 


o 


& 








764 lb) 764 <1- «1 ill T= 
168 if} 12 < 156+ 1 
67 ill 35 = 102+ Mm 
369 il 7>376x on 
0 ill 1 #0+ o 12 ll Ww 


ql . 


4500 il 12 < 4000+ 
10 lp 100 = 1000x 
1000 i 1 = 999- 


> 140x 


2. Find the length of each segment to the nearest half centimetre. 














A 9% 
B e 
c 7% 
D 13 
E 5% 
F Il 
3. Find the sums and differences. 
KR WO47 B 982 c,. 803 dp 8654 E 9402 
+685 — 643 — 265 +7283 —657 
1032 339 538 15 937 8745 
F 842 e 927 n 600 1 8020 J 9830 
— 764 +849 —475 —6735 +7692 
78 1776 125 1285 17522 
4. Find the products and quotients. 
aA 83x 5415 c 545 = 5109 m 128 ~ 343R26 s 527 ~ 628R3) 
B 648 ~416c2 =u 207+ 258R7 wn 3276 x D5liero7etr 1346 x 3749802 
c 76 x 13988 1 2816 x 27760320 600 =~ 70gr4o0 u 435 x 62e10 
pd 108 +129 J 264=52s5e4 p 4379 x 68297772y 252 = 1221 
E 319 x 72233 «x 9024 x 353158400 700 = 739R42 WwW 3412 x 1240944 
F 4285 x 3izesst 391 + 439R4 rR 3269 x 48isc9izx 4444 = fim . 
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Discussion 

Assign the exercises on page 294 as 
independent work. When the children 
finish, carefully check their work 
with them, allowing ample time for 
discussion. It might be helpful to 
have some parts of exercises 3 and 4 
put on the chalkboard and explained 
to the entire class. Also, some chil- 
dren may need careful explanation 
of the measurements in exercise 2. 














The aim of page 295 is to ac- 
quaint the children with the units 
used in measuring mass or weight 
to the extent that the children are 
aware of the relative sizes. Go over 
page 295 with the children, demon- 
strating the different weights using 
the models you set up previously. 





. 











A gram has less weight than a paperclip. 
A paperclip weighs about 2 grams. 





A kilogram weighs a little more than this book. 
The weight of your book is % that of a kilogram. 





A tonne weighs less than most small cars. 


This car 





weighs 1% tonnes. 


What unit would you use to weigh 

a piece of meat? Kilogram 

your pencil? gram 

a truck? tonne 

a bag of candy? Kilogram or gram 
your desk? Kilogram 

a piece of paper? gram 

yourself? Kilogram 


Follow-up 

Provide groups of objects, such as 
achalkboard eraser, 2 or 3 different- 
sized blocks, a book, a drinking 
cup, a bag of marbles, and so on, 
for the children to weigh. Encourage 
them to record the weights in chart 
form. 


on™ monn > 





20 
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CHAPTER 13 


Geometry and Graphing 


Pages 296-315 


General Objectives 
To introduce co-ordinates to describe 
locations in the co-ordinate plane 
To provide background experience in 
preparation for graphing 
To develop the ideas of symmetry, 
similarity, translations 
To provide experience in making and 
interpreting bar graphs 
To develop the concept of graphing 
sets of co-ordinates and observing 
the pattern 
To introduce the graphing of a 
function 
To introduce negative numbers (nega- 
tive integers) 
In the first few lessons, children learn 
to associate number pairs (co- 
ordinates) with points on_ the 
co-ordinate plane. From graphing a 
point, to graphing a figure, children 
work into the concepts of symmetry 
and similarity. They also study how 
points on a graph may be “slid” 
(translated) a given distance in a 
given direction. Then children have 
an opportunity not only to work with 
bar graphs but also to collect data 
needed to make a bar graph. The 
last two lessons of the chapter deal 
with two important concepts: graph- 
ing a function and negative numbers. 
The chapter concludes with a review 
of the graphing techniques studied 
in this chapter and a review of basic 
concepts and skills studied in previ- 
ous chapters. 
Mathematics 
In a sense, measurement brings geom- 
etry and arithmetic together: a num- 
ber is assigned to a given geometric 
figure by a count of the units. 

This chapter combines geometry 
and arithmetic in a different way. 
Geometry is used to picture, or 
graph, certain arithmetic relations in 
a Cartesian co-ordinate system 
(named after mathematician and 
philosopher Rene Descartes). 

To set up a rectangularco-ordinate 
system, we choose two perpendicular 
number lines that intersect at zero 
and then associate points in the 
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plane with number pairs. In the 
beginning we shall use number rays, 
rather than lines, with the whole- 
number points labelled. Having 
chosen two rays, we can locate a 
point for any pair of whole numbers, 
provided we agree on which number 
in the pair refers to which ray. It is 
conventional to agree that the first 
number refers to the horizontal line, 
or ray, and the second to the vertical 
line, or ray. Usually, the two number 
rays look like this: 


G3 


ODF I aes 

The arrow indicates the point for 
the number pair. 

The concept of symmetry of a 
figure is extended in this chapter to 
include drawing the remaining half 
of a symmetric figure in the co-ordi- 
nate plane when one half of the figure 
is given. Also, the idea of a transla- 
tion is treated as a movement of 
every point on a figure by a given 
amount in the co-ordinate plane, 
such as “3 over and 4 up”. 

It is a simple step from graphing 
number pairs in theco-ordinate plane 
to relating the pairs to the input- 
output numbers of the function 
machine and thus drawing the graph 
for a given function rule. Finally, 
negative numbers are introduced in 
a realistic setting and related to 
graphs in the co-ordinate plane. No 
computation with negative numbers 
is introduced at this level. — 


= mw 
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Teaching the Chapter 

Materials 

Graph paper, I-cm grid 

Grid for demonstration (approxi- 
mately | metre square) 

Overhead projector (if available) and 
10-by-10 unit grid on a trans- 
parency 

Ruler or straightedge 

Small mirrors or reflectors 


Vocabulary 
axis graph 
bar graph negative numbers 


coordinate axes __ similar figures 
co-ordinate axes similar figures 
co-ordinates symmetric figure 
data 


Most of the lessons in this chapter 
provide the children with practice in 
graphing points, “point pictures,” 
or functions. Consequently, it is 
essential that you have an adequate 
supply of graph paper. If commercial 
graph paper is not available, care- 
fully rule a duplicating master with 
a grid of approximately l-cm units. 
For some lessons, such as the one 
on similar figures, you may want to 
use graph paper with smaller or 
larger unit demarcations, such as 
5 mm or 2 cm. Throughout this 
chapter, encourage group activity. 
Also, plan to display numerous 
examples of the children’s work. 
Demonstrations on a large grid or 
overhead projector should be used 
selectively; if children understand 
the graphing technique, keep your 
demonstrations to a minimum. 


Lesson Schedule 

Since most of the lessons require that 
children actually graph figures, the 
amount of time you should allocate 
for this chapter will vary according 
to your children’s graphing skill. 
However, you should probably plan 
to spend at least two weeks on the 
chapter. 


Evaluation of Progress 

Most of your evaluation will come 
from your daily observation of the 
children as they work through each 
lesson. Do not place too high a value 
on the neatness and exactness of the 
graphing. A child who is not well 
co-ordinated may have a grasp ofthe 
concepts but simply be unable to do 
exact work. The review lesson at the 
end of the chapter will help you in 
your evaluation. 


Resources for Active Learning 

GENERAL ACTIVITIES 

[The first five resources listed below 

combine art and mathematics with 

curve stitching.| 

Experiments in Mathematics, Stage 
1, pp. 30-31, Houghton Mifflin 
(Available from Thomas Nelson 
& Sons) 

Franklin Series: Patterns and Puz- 
zles, pp. 36-43, Lyons and 
Carnahan (Available from 
McGraw-Hill Rverson) 

Line Designs—direction booklet 
(Creative Publications) 


Mathex: Geometry No. 4, pupil 
pages 45-47, Encyclopaedia Bri- 
tannica Publications Ltd. 


Mathex: Geometry No. 9, pp. 38-42 
(pupil pages 56-59), Encyclopaedia 
Britannica Publications Ltd. 

Freedom to Learn, pp. 81-94, Addi- 
son-Wesley [Ideas for graphing] 

Mathematics Using String, Cards 
7/1-5, Math Media 

Notes on Mathematics in Primary 
Schools, ‘Visual Representation,” 
pp. 89-110, Cambridge University 
Press (Available trom Macmillan 
of Canada) 


Nuffield Project: Graphs Leading to 
Algebra 2, “Introduction to Co- 
ordinates,” pp. 2-11, Wiley 

MANIPULATIVE DEVICES 

Geoboards (Addison-Wesley) 

Pegboards (school supplier) 

COMMERCIAL GAMES 

Battleship (buy locally) 

8-Peg Game (World Wide Games) 

Go (or Gomoku) (Math Media; 
World Wide Games) 

Tower of Hanoi (or Hindu Pyramid 
Puzzle) (Creative Publications; 
World Wide Games) 

Vectors (Selective Educational 
Equipment) 
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PAGES 296-297 
Objective 

Given locations on a graph, the 
child will be able to identify the num- 
ber pair (co-ordinates) corresponding 
to the locations. 


Preparation 

To prepare for this lesson, it would 
be helpful to review the number line 
for whole numbers. Show a horizon- 
tal number line beginning at the left 
with zero and continuing to the right 
with an arrow at the end. Also show 
a vertical number line with one end- 
point at zero. Then show these two 
lines together so that the zero points 
coincide. 


OK NWwFt 
Oe NWF 


o—ee__e_e eo > 
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Fill in the lines to form a grid as 
shown below. 


or NWP 


OF led 


Then direct the children to the 
investigation in their text. 


Investigation 

Have the children work in groups of 
two or three so that they can discuss 
their choice of co-ordinates for each 
location. Encourage them to record 
their results in a table such as the 
following: 


0 over, 4 up (0,4) 
1 over, | up (ta) 
2 over, 3 up (2,3) 
3 over, 4 up (3,4) 
4 over, 2 up (4,2) 
4 over, 3 up (4,3) 


BXOXP YS 


5 over, 4 up (5,4) 
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Where is the star ? 



















2 over and 
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Discussion 


One of the most important points of 
this lesson is stressed in both dis- 
cussion exercise 1 and discussion 
exercise 2, namely, the order in which 
the co-ordinates are given. For ex- 
ample to describe the star, a child 
might carelessly say “4 up and 3 over” 
and then incorrectly write (4,3). For 
exercise 2, expect the children to ex- 
plain that the first number of the co- 
ordinate pair gives the over direction, 
and the second number gives the up 
direction. Ask the children to give 
the co-ordinates which they found 
for the figures in the investigation. 
Make certain the children give the 
co-ordinates in the correct order. It 


Investigating the Ideas 


3 
“3 over (—*) and 4 up( ( )” 


Its co-ordinates are (3, 4). 


Can you give the co-ordinates to show 
the locations of the other figures ? 


Discussing the Ideas 


Geometry and Graphing 


@ How can number pairs show locations? 





























1. To give co-ordinates, we write the ‘‘over’’ number first and 
the ‘up’ number second. Explain how the location (4, 3) 


is different from the location (3, 4). 
_ G,3)is 4 over and 3 up; (3,4) is 3 over and 4 up. 
2. If someone said, ‘The co-ordinates of the triangle in the 
Investigation are (3, 2),’" would he be correct ? Explain. 
No, because $3.2) means 3 over and 2up; the triangle is 
up (2,3). 
3. a What are the co-ordinates of the figure that 
is farthest from (5, 5) ? C1!) 


B What figure is farthest from (0, O) ? square (5,4) 


would also be helpful to use a grid 
on an overhead projector or on the 
chalkboard and ask children to find 
the co-ordinates of points you have 
marked on the graph. 


See Investigation. 













Using the Ideas 





1. Give the missing numbers. 
Then give the co-ordinates. 
a The butterfly is Sover 

and |i up. 2 
The co-ordinates for the 
butterfly are ___ ?_(3,2) 

s Thecapis |llll over and 7 
3 up. The co-ordinates for 
the cap are___ ?__¢7.3) 

c The beetle is 8over 
and |iill up. 2 
The co-ordinates for the 
beetle are ___ ?__¢8,2) 

p Thedrum is |lll over and6 up. 7 
The co-ordinates for the drum are __ 

— Thecupcake is Sover and |i up. o 
The co-ordinates for the cupcake are ___ ?__69-9? 

F Theapple is Oover and |i up. © 
The co-ordinates for the apple are___ ?_ ©) 

c What are the co-ordinates for the flower ? for the ball ? 

(4,4) (4,7) 


a 









































oe 





: 5 @,7) 
2. a Give the co-ordinates for K. 10 


Follow-up 

For an entertaining class activity, 
adapt tick-tack-toe to a co-ordinate 
system by preparing a grid using only 
the positive integers 1 through 5 and 
0, either on a large chart that can 
be covered with acetate or on a 
separate transparency that can be 
slipped under the roll of an over- 
head projector. Divide the class into 
two evenly matched teams. Designate 
one as the X team and the other as 
the dot (@) team. 

The object of the game is to get 
five X’s or dots in a row, column, or 
diagonal by naming the co-ordinates 
of each X or @. The members of 
each team take turns naming any 
number pair they wish. Insist that 
each child make his own choice, 
whether it is the best choice or not, 
without any help from his team. The 
children will learn strategies to block 
the other team while continuing to 
build a string of X’s or dots as they 
play. Eventually, they should become 
skillful enough to make every con- 


B What letter is 9 over 9 
and 3 up ?& 8 
c What letter has co-ordinates 7 
(5-5) 7) 4 6 





test a tie game. You can then make 
the game more difficult by extend- 
ing the playing board to an 8-by-8 
or a 10-by-10 grid and requiring six 











p Give the co-ordinates for C.°%5 


X’s or dots in a row. (Let the children 





e What do you find at (9, 0)? J 4 
F What letter has.2 as its 


discover how to name points on 
either axis.) 












































3 

first co-ordinate ?* 2 
c What letter is at (0, 5) ? G 1 5 
H Give the co-ordinates for i J 4 
Pere ain ee | esa 56 7s 910 3 
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Using the Exercises 

On page 297, you may choose to use 
parts of exercise 1 orally before you 
assign the page as independent work. 
When the children have finished the 
exercises, carefully check them to- 
gether, again emphasizing the im- 
portance of giving the “over” 
number first. 


A Sample Winning Game 
of Tick-Tack-Toe 


Resources for Active Learning 

Mathex: Matching and Graphing 
No. 1, “Co-ordinates,” pp. 26-29 
(pupil pages 43-52), Encyclopae- 
dia Britannica Publications Ltd. 
[For this and the next two lessons] 


Assignments (page 297)* 
Minimum: 1-2. Average: 1-2. 
Maximum: 1-2. 
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PAGES 298-299 
Objective 

Givenco-ordinates ofapointandan 
appropriate grid, the child will be 
able to graph the point. 


Preparation 
Materials 
graph paper, |-cm grid (Duplicator 

Masters, page 67) 

You might use a demonstration 
grid on which points have been 
marked and have children name the 
co-ordinates for each point. However, 
spend only a few minutes on such a 
review; use it to lead into the discus- 
sion section of the text. 
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® Can you graph a point? 


Discussing the Ideas 
To graph the point with co-ordinates (3, 2) 


DRAW 


THINK 


“3 over, 2 up” 





























1. How would you explain to someone 
how to graph the point (5,2) ? | 


Sample answer: Count 5 over and 2 up. 





5 
2. This picture shows a point 4 
being graphed. Explain how 3 
you could think about it to 2 
figure out the co-ordinates 1 

of the point. Sample answer: 
Think of counting O over and 0 


3 up, SO Co-ordinates would 0.0 62 Sie aes 
be (0,3). 
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Discussion 

While you are using a demonstration 
grid as suggested above, ask for a 
volunteer to graph the point with 
co-ordinates (3,2). Then ask a volun- 
teer to graph the point with co- 
ordinates (2,3). Compare the co-or- 
dinates of the two points and lead into 
a discussion of the text material on 
page 298. Continue to stress the im- 
portance of the order of the co- 
ordinates. Also help the children to 
realize how the two labelled co- 
ordinate axes enable them to locate 
a point. Teach the words axis, co- 
ordinate axes, and graph as discussed 
in the mathematics section of this 
lesson. It would be helpful for each 


3. Match the letters of the points 4 
with the co-ordinates. ‘ 
(1,4) (4,0) F ; 
(5,2)N (3,3) S - 
(2,3) (5,5) H 1 

0 


child to use graph paper to practice 
graphing points by matching co-ordi- 
nates you specify. Have some chil- 
dren graph these points on the 
demonstration grid so that all may 
check their work. 

Exercise 2 stresses the case when 
the “over” co-ordinate is zero. Use 
other examples of this kind to help 
children understand how to treat 
zero co-ordinates. 





——_- 


— EEO EE 
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Mathematics 
Each number ray is an axis. Using 
a pair of axes that intersect in a right 
angle at (0,0), we locate points on 
the plane. Such pairs of axes are 
called co-ordinate axes. On a grid 
composed of lines parallel to each 
axis, we graph, or picture, points 
(locations) in space. 

The word graph is both a noun and 
a verb. As a noun, it indicates (a) 
the picture of a point or of a set of 
points or (b) the entire co-ordinate 
system showing the number lines and 
the points involved. As a verb, it 
means to mark a point either for 
each number or each pair of num- 
bers in a given set. 
Follow-up 
The children might enjoy graphing 
and connecting the following points. 
Then encourage them to answer the 
related questions. Answers appear in 
parentheses, for your convenience. 


(5,2), (7,2), (9,4), (9,6), (7,8), 
(5,8), (3,6), (3,4) 
Which of the following points are inside 
the figure you have formed? 


Using the Ideas 


1. Each figure below shows a point being graphed. 
Give the co-ordinates of that point. 
A (4,2) (2,3) 






o- NW FF A 


2. a The figure shows points A, 
B,C, and D being connected 
to form a geometric figure. 
What is this figure ?Rectangle 

sB Label your graph paper as 
shown here. Then graph 
points and connect them to 
form each of these figures: 
triangle, right triangle, 


square, parallelogram. 
Answers will vary. 


oO | NN Qe hor & ~I © © 









(1,1) (no) (5,5) (ves) 
(4,4) (ves) (7,5) (yes) 
(8,4) (ves) (9,2) (no) 
(2,6) (no) (0,0) (no) 
(3,3) (no) (6,7) (ves) 


Resources for Active Learning 

Developmental Math Cards, 
“Squares” (game), H‘12, Addison- 
Wesley. 

Math Activity Cards (plotting points), 


299 BO 12 Macnillan: 





Duplicator Masters, page 56 
Using the Exercises Workbook, page 99 
In the exercises on page 299, children 
continue to match points and their 
co-ordinates. You may wantto work 
with them in labelling co-ordinateaxes 
on their graph paper. Make sure the 
zero point for both the horizontal 
axis and the vertical axis is at the 
same point. 
Let those who try the Think prob- 
lem explain how they figured out 
their answers. For example, once a 
pair of horizontal and vertical grid 
lines is identified, all of the other 
lines may be numbered accordingly. 
Assignments (page 299)* 
Minimum: 1-2. Average: 1-2. 
Maximum: 1-2. 
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PAGES 300-301 
Objective 

Given co-ordinates listed in a par- 
ticular order, the child will be able 
to make a picture by graphing and 
connecting the points. 


Preparation 
Materials 
graph paper, I-cm grid (Duplicator 

Masters, page 67) 

Unless children have experienced 
difficulty with the ideas developed 
in the two previous lessons, it would 
be appropriate to begin immediately 
with the investigation. 


Investigation 

Study with the children the picture 
at the top of page 300. Help them 
understand what is meant by “con- 
necting these points in order.” Then 
direct them to try the investigation 
activity on their own. Their picture 
should be as indicated below. 


RUD elt has 
EBON anes 












EARP SBEND Sah 
“RAS ARENE 
A tS 


OMS 4 SiO ee oee oe) 
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Investigating the Ideas 


—_ 
12) 


This picture was made by 
connecting these points 
in order: 





® Can you graph a figure? 





(2,2) (072) E> (1:3) 
(2,3) ~ (8,8) ~(10,9) 
(9,7) =(32).cm (Sal) 
> (2,0) ~ (2, 2) 























o -mffMN wr ann © © 


Can you make a picture by connecting these points 
in order ? (4, 0) ~ (5, 3) ~ (7,1) > (8, 1) > (8, 2) 


ore (3, 10) Sag (0, 4) Pe (4, 0) See Investigation. 


Discussing the Ideas 


— 
Oo 


1. The first 3 points have been 
graphed and connected. 











lend | 
0.12 2S 4 TAO ee 


—» (9, 1) ~ (10, 2) ~ (9, 4) > (5, 8) — (5,10) (476) 








How would you complete 
the picture ? 

(2,1) — (5, 9) — (8, 1) 
—> (1,6) — (9, 6) > (2,1) 


2. What is the completed 
figure in Question 1 ? star 


3. Give the co-ordinates of 
four points that could be 
connected to form a 


A square. B rectangle. 
Answers will vary. 


or ND WO FPA OD VN CO CO 
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Discussion 

If you think it necessary, have a 
child graph his figure on a demon- 
stration grid. Then work through the 
discussion exercises with the chil- 
dren. Have children show a variety. 
of the possible answers for discus- 
sion exercise 3. Continue to observe 
whether or not the children are re- 
membering that the first number of 
each pair means “over” and the 
second number means “‘up.”’ 








Follow-up 
Encourage children to display their 
graphs around the classroom. 

You might also suggest that they 
graph a “picture” of the classroom, 
as if the floor were made of graph 


Using the Ideas 


1. The first 4 points have been 10 
graphed and connected. Copy 9 
and complete the picture on 


your graph paper. ; paper and viewed from above. Some 
(6, 10) — (7, 9) > (7, 8) children might realize that an accu- 
(9, 7)» 67) 7) > (8, 5) 6 rate graph might best be made by 
> (9, 4) + (8, 4) > (8, 3) 5 measuring the length and width 
> (7, 3) > (8, 2) > (8, 1) 4 and labelling their axes to include 
-> (6,1) > (6,0) > (3 0) 3 these dimensions. Let them use their 
— (3, 2) (1,4) — (1 8) : ingenuity to figure out how they 
3 (3, 10) 7. (6 10) : : might determine the position of the 
: classroom tables, bookshelves, desks, 

0 etc. Some might actually walk out 

Oe erase Ge 5 baer 7e 8910 


the steps along imaginary grid lines 
on the floor. 


_ 
o 


Fishing School 
pond 7 





2. Make a graph like this and 
label the spots shown. 

(You may want to use large 

dots « instead of pictures.) 

a Connect these dots in order 
to show the route Tom took 
on his way to school. 

(272) (9, 2) — (9,1) 
— (10, 1)—(10, 4) (1, 4) 
eked = (5,17). (5,'8) 
=>, (9,.8) 
>% 8 Give the points for the path 
you would take to school if you were Tom or Jan. (Choose one.) 
xc Give the points for one of the shortest paths Bsaiagiay-varu. 


(along the gray lines) from Tom’s house to school. 
Answers may vary. Sample : (2,2)—>(2,8)—>(9,8) 


Oe SCO a Cll (Sy S60" co 
Oo 


1B* SUPA SY ACW else aS ae AE SS JS SIC) 


* 3. Invent a picture and list the co-ordinates for the picture. 


Then see if a classmate can draw the picture. 
See Using the Exercises. 
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Using the Exercises 
Be sure an adequate supply of graph 
paper is available for the exercises 
on page 301. As the chiidren work, 
stress how important it is for them 
to connect the dots in the order in 
which they are given in the book. 
When they complete exercise 1, you 
might suggest that they try position- 
ing an eye on the profile and then 
give this character a name. 
Encourage children to try the 
starred problems. Be sure they 
understand that for exercise 3 they 
should give their classmate only a 
list of the co-ordinates for their pic- Assignments (page 301) 
ture, not the picture itself. Minimum: 1-2A. Average: 1-2. 
Maximum: 1-3. 
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PAGES 302-303 
Objective 

Given half of a symmetric figure, 
the child will be able to draw the 
other half. 


Preparation 
Materials 
graph paper 

To prepare for this lesson, review 
the idea of symmetry and symmetric 
figures. For example, display a sym- 
metric figure and fold it along the 
line of symmetry to show both 
halves. Have the children recall that 
in a symmetric figure each half is a 
mirror image of the other. If possible, 
help children realize this by holding 
a mirror along the line of symmetry. 
The reflection on the mirror will be 
the other half of the figure. 


Investigation 

Encourage children to try any 
method they wish to draw the other 
half of the investigation figure. Of 
course, they must first accurately 
copy on their graph paper the half 
shown in the text. Then they might 
try folding along the line of sym- 
metry and pushing the tip of their 
pencil through the paper to find the 
opposite points. Others might use 
the grid to count the position of the 
points in the direction opposite to 
the points given. If small unbreak- 
able mirrors are available, some 
children may find these helpful. 
Some may try to trace the half in 
the text and then transfer that half 
by turning over the tracing paper and 
using it to complete their picture. 
Encourage diversity of approach to 
this activity; children will benefit 
from sharing explanations of the 
various methods they used. 
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Investigating the Ideas 


= = 
o= 


Can you copy this half 
of a symmetric figure 


on your graph paper, 
and then draw the 
other half ? 





See Investigation. 
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Discussing the Ideas 


1. Explain the method you used to complete 
the figure in the Investigation. 
See Investigation. 

2. In the picture above: 


of the ‘‘Martian’s” mouth ?(4,3) 


that matches this point in the other half 
Methods may vary. 


of the ‘‘Martian’s’’ ear ?('!,7) 


that matches this point in the other half 
of the picture. Methods may vary. 
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Discussion 

Aside from learning about various 
ways to draw the other half of a 
symmetric figure, one of the impor- 
tant points of this lesson is for 
children to realize the role of the 
graph paper and of the co-ordinate © 
axes. It is important for children to 
realize that every point in the text 
has a corresponding “‘mirror image” 
point on the other side of the line of 
symmetry. A discussion of exercise 
2 should help children understand 
this. If necessary, continue such a 
discussion with reference to other 
particular points of the Martian’s 
face, such as the top points of his 
antenna, or the lower tip of his ear. 


\ 


@ Can you draw the other half of a symmetric figure? 








a Whatare the co-ordinates of the point at the corner 
B How can you find the co-ordinates of the point 


of the picture ? See Investigation dind Discussion. 
c What are the co-ordinates of the point at the upper tip 


p Explain how to find the co-ordinates of the point 








Follow-up 

If some children have difficulty think- 
ing of ideas for a half of a symmetric 
figure, you might give them one of 


Using the Ideas 


1. a Copy this half of a 























symmetric figure on is the following sets of co-ordinates. 
your graph paper and 9 When the points for these co-ordinates 
heh thetthar halt 8 are connected, one half of the indi- 
; 7 cated symmetric figure will appear. 
B What point in the 6 Right Triangle Man 
other half matches 5 head: (6,7) (1,7) ©,1) 
the point (2, 10) ?¢8,10) eye: (4,5) (5,5) 65,6) > (4,5) 
‘ ( ) : mouth: (6,3) — (5,3) — (6,2) 
3 
Hexagon 
f (4,6) (2,5) (2,3) (4,2) 
1 Barn 
0 


(6,3) — (4,3) — (4,0) — (2,0) > 
(2,6) — (5,9) — (5,10) — (6,11) 

(Barn Window) (6,8) — (5,8) > 
(5,6) — (6,6) 






































12 Resources for Active Learning 
11 Franklin Series: Mirror Magic, 
“Symmetry: How can you get it?” 
2. a Copy this top half of a pp. 73-83, Lyons Gad, Ghanian 
a symmetric figure on (Available from McGraw-Hill 
your graph paper and : Ryerson) 
draw the other half. 7 Freedom to Learn (similarity, sym- 
6 metry, translation), p. 94, Addison- 
B What point in the 5 Wesley. 
other half matches 4 
the point (4, 9) ? (4,3) 3 
2 
1 
) 











* 3. Draw half of a symmetric figure on a piece of graph paper. 
Then have a classmate try to draw the other half. 
See Using the Exercises. 
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Using the Exercises 

Supply the children with a sufficient 
amount of graph paper. Have them 
do the exercises on page 303 inde- 
pendently. Encourage them to extend 
exercise 3 by drawing halves of two 
or three different symmetric figures. 
The children’s work will again be 
suitable for display. 


Assignments (page 303) 
Minimum: 1-2. Average: 1-2. 
Maximum: 1-3. 
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PAGES 304-305 
Objective 

Given simple pictures on a graph, 
the child will be able to make a smaller 
or larger similar figure by using graph 
paper. 
Preparation 
Materials 
graph paper, l-cm grid 

To prepare for this lesson, display 
two or three sets of figures which are 
alike in every way except size. Simply 
exhibit each set and ask children 
what they notice about them. For 
example, if you have two regular 
hexagons, one with side length 15 cm 
and the other with side length 25 cm, 
the children should realize that they 
are different only in size. This, of 
course means that the areas as well 
as the side lengths of both figures 
are different. You might ask for sug- 
gestions as to how a smaller figure 
may be enlarged or how a larger fig- 
ure may be made smaller without los- 
ing the shape of the original figure. 


Investigation 

In this investigation, children have 
an opportunity to try to enlarge a 
figure in such a way that it retains its 
shape. They are given no directions 
other than that they are to use graph 
paper. If the children’s graph paper 
consists of units larger than those 
pictured in the text, a simple copy- 
ing of the goose will result in a 
larger figure. However, a more in- 
structive procedure would be for 
children to number their co-ordinate 
axes so that the spaces between 
each number are greater than on the 
original axes. For example, to en- 
large the goose, a child might num- 
ber every other line on the axes and 
then plot the same points according 
to the new numbering, as pictured 
below and at the right. 


Om MWe hUD4WOOCO 
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@ Can you stretch and shrink figures? 


Investigating the Ideas 


Can you use graph paper 
and make a picture of 
“Gorgeous Goose” like 
this, but larger ? 


See Investigation. 
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Discussing the Ideas 


1. When two figures differ only 
in size, the figures are 
similar to each other. Which 
two triangles are similar ? 


A and C 


. Can you find two shapes in your 


classroom that are similar ? 
Answers will vary. See Discussion. 























. Jack said, “Any two squares that | 
draw will be similar to each other.” 
Do you think Jack is correct ? Yes 


. How might you make a picture like the one in the 
Investigation, but smaller ? see piscussion. 
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Discussion 

One of the principal goals of this 
lesson is to develop an understand- 
ing of similar figures. Use the results 
of the investigation and discussion 
exercise 1 to emphasize that similar 
figures are the same in every way 
except size, and sometimes in size 
also. As you discuss exercise 2, note 
such examples as the regions en- 
closed within windows and window 
frames, pictures and picture frames. 
All circles are similar, and, as exer- 
cise 3 points out, all squares are 
similar. (Circles which have radii of 
the same length and squares which 
have sides of the same length are 
both congruent and similar but this 

















Mathematics 

Intuitively, similar figures are figures 
which have the same shape. Recall 
that congruent figures not only have 
the same shape but must also have 
the same size. In general, similar 
figures do not have the same size; 


Using the Ideas 


1. Use graph paper to make alarger 1 


figure similar to this one. 


Methods may vary, as in 
Investigation. 








POSES 
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. A Use graph paper to make 
a smaller figure similar 
to this one. 

Make a larger figure 


similar to this one. 
Methods may vary. 


. Can you use graph paper 
to help you make a larger 
picture of this little dog ? 
See Using the Exercises. 
































point should not be brought out to 
the children; simply speak of such 
figures as similar figures.) To reduce 
the size of the goose, children might 
use graph paper with smaller grids 
or they might number their axes by 
twos instead of by ones. 
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Using the Exercises 

Supply the children with sufficient 
graph paper to do the exercises on 
page 305. Encourage all to try exer- 
cise 3 and to use the same idea with 
other cartoon characters. For exam- 
ple, have them use tracing paper to 
trace a cartoon character, then 
transfer it to graph paper by laying 
the tracing paper figure over it and 
drawing over the figure again. Then 
the task of enlarging the cartoon 
character may be treated. 


Assignments (page 305)* 
Minimum: 1-2. Average: 1-2. 
Maximum: 1-3. 


however, when two figures are con- 
gruent, it is true that they are also 
similar. 

The mathematical definition of 
similar polygons is as follows: 


Two polygons are similar if there 
is a one-to-one correspondence 
between their vertices such that 
the corresponding angles are con- 
gruent and the lengths of the cor- 
responding sides have the same 
ratio. 


Since corresponding sides of simi- 
lar figures must have the same ratio, 
we may think of one of a pair of 
similar figures as being either an 
enlargement or a reduction of the 
other. The co-ordinate plane affords 
a convenient grid on which children 
can easily display pairs of similar 
figures. 

Resources for Active Learning 


Developmental Math Grids, G?17, 
Addison-Wesley. 
Freedom to Learn, ‘‘Geometry— 


Similarity,” pp. 154-157, Addison- 
Wesley. 

Measure and Find Out, Book 1 
(shadows and graphs), Activities 
18, 19, Scott Foresman. (Avail- 
able from Gage Educational) 
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PAGES 306-307 
pe ® Can you change the positions of figures? 

Given a figure in the co-ordinate 
plane, the child will be able to show Investigating the Ideas 
the position of the figure after a 
given translation. 


Preparation 
Materials 
graph paper 

The nature of this investigation 
makes it appropriate to omit specific 
preparation and begin immediately 
with the investigation. 


Investigation 

In this investigation, children are 
directed simply to move each point 
according to a particular pattern. If 
they move each point correctly, their 
graph should show the same picture Can you show on your graph where the fish will be 
located in a different position on the after Sue moves all the points and connects them? 
graph. If some children finish quickly, See graph and 

you might suggest that they follow 
the same pattern and move the Discussing the Ideas 
“Gorgeous Goose” of the previous 
lesson according to the same pattern. 1. a The eye of the fish is at what point on the graph ? (5,2) 

Bs At what point will the eye be after it is moved ? (7,7) 





. A At what point on the graph is the top tip of the tail ? (1,3) 
sB Where will this tip be after it is moved ? (3,8) 





. Is the fish larger or smaller after the move ? Explain. 
Same size. See Discussion. 


. ls the fish a different shape after the move ? 
No. See Discussion. 
. Choose another move like the one Sue used, 
and show where it takes the fish. Answers may vary. 











Discussion locating each new point. Patterns 
One of the main points of this lesson such as “move every point 4 over 
is that if every point of a figure is and 2 up” or “3 over and 1 up” or 
moved according to the same pat- ‘5 over and 4 up” should cause little 
tern, the figure will retain its shape or no difficulty. 

and size, but will have been trans- - 

lated a given distance in a given 

direction. Work carefully through 

the discussion exercises; they pro- 

gressively develop the main idea. In 

exercise 5, be sure the children 

understand that they may choose 

any move “over” and “up,” but it 

should not be the same as that done 

for the investigation. However, if 

their move includes very many steps, 

they will have a more awkward task 

of labelling their graph paper and 
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1. Use the move given and show the final position 


* 2. 


of the picture on your graph. 


OF NWFP AHN OO O 


10 
9 
The picture before and after 
the move is shown. Can you y 
complete the description of 
the move ? < 
4- 
3 
Every point was moved 2 
ill Over.—~ and |li| down ) 1 
5 ot 0 
) 


Move every point 
5 over. and 0 up 

















































Using the Ideas 
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Using the Exercises 
Have the children do the exercises 
on page 307. Again, be sure there is 
an ample supply of graph paper. You 
might show the children how to 
gauge the placement of their axes so 
that they can fit more than one pic- 
ture on each sheet of graph paper. 
Although exercise 2 is starred, all 
the children will benefit from a dis- 
cussion of it. Note that the position 
of the before and after pictures re- 
quires that the move be over to the 
left and down, rather than the usual 
over (to the right) and up. 









ae — 
] 
pd 





4 

| | 

ba = 
| 

| 
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Assignments (page 307) 
Minimum: 1. Average: 1. 
Maximum: 1-2. 





Mathematics 

In this lesson, the idea of a transla- 
tion is introduced by means of the 
co-ordinate plane by having the 
student “move” every point of a 
given figure by the same amount, 
such as “over 5 and up 2.” 

Mathematically, a translation is 
an example of a kind of motion in 
geometry that is called a rigid motion 
because under a given translation a 
given figure and its image (think of 
image as the final position of the 
figure) are congruent. Often a trans- 
lation is described as a motion which 
preserves distances; that is, the figure 
is not distorted or twisted by the 
translation. Other kinds of rigid 
motions in geometry are rotations 
and reflections. 

The figure below shows a trans- 
lation in which every point of 
AABC is translated in the same 
direction and distance, as shown by 
the arrow from point A to point A’. 


B Cc 3 
Be 4 


Notice that AB is parallel to A’B’, 
BC is parallel to B’C’, and AC is 
parallel to A’C’. Similar statements 
must hold for any translation. 
Follow-up 
Encourage children to graph pictures 
of their choice on carefully labelled 
graph paper. Have them write 
directions for a move underneath the 
picture. Then suggest that they ex- 
change papers with a classmate and 
move his picture according to the 
directions given. 
Resources for Active Learning 
Nuffield Project: Shape and Size 3, 
“Transformations,” pp. 60-62, 
Wiley. 


Workbook, page 100 
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PAGES 308-309 
Objective 

The child will be able to make a 
graph to show simple data that he or 
his classmates have collected. 


Preparation 
Materials 
graph paper 

To prepare for this lesson, you 
might spend a few minutes asking 
the children to mention different 
symbols people use to share their 
ideas or tell one another something. 
Let the children briefly discuss any 
form of communication which they 
find interesting. Then eventually lead 
them to consider the question which 
introduces this lesson, ““Can graphs 
tell a story?” 


Investigation 

In order for the class to be able to 
do this investigation, it will be neces- 
sary for them to collect data regard- 
ing the birthdays of all the class 
members. You might make the 
collection of this data a class 
project assignment and have the 
children figure out the best way to 
collect the data. For example, some- 
one might list the months of the 
year on the chalkboard, call out 
each month, and tally the number 
of children who have a birthday in 
that month. 

After the data is collected, you 
might have children work in groups 
of three or four and give them an 
opportunity to discuss how to make 
the bar graph. However, even if 
children work in groups, each should 
make his own bar graph. 
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® Can graphs tell a story? 


Investigating the Ideas 


Number of children 
having a birthday 
in that month 














This graph tells a 
story about birthdays 
of Jack's classmates. 























JAN FEB MAR APR MAY JUNE JUL AUG SEPT OCT NOV DEC 


Can you make a graph like this one to show 


the birthdays of your classmates ? Answers eae 
See I gation. 


from class to class. 


if tio 


Discussing the Ideas 
January 
1. a In what month does Jack's class have the most birthdays ? 
Bs In what month does your class have the most birthdays ? 
Answer will vary with data collected. 


. Can you answer questions 1a and 18 for fewest birthdays ? 
A September B Answers will vary. 


. How can you use the graph to find how many students 


' Sample : Find + ; 
are in Jack's class p/Samele answer: “ind ne svwio: Bae ee 


. What other information can you find in the graph ? 


See Discussion. 


Discussion 

After the children have had ample 
time to complete their graphs for the 
investigation, direct them to the 
discussion exercises. These exercises 


focus on reading and interpreting - 


the graph. As you discuss exercise 
3, children might check their method 
of finding how many students are 
in Jack’s class by using it on the 
graph for their own class, for which 
they know the correct total. Exercise 
4 might be explored in greater detail 
if you ask some specific questions 
such as: “Are there more birthdays 
in the summer months than in the 
winter months? in the spring months 
than in the fall? Is there any month 





with no birthdays? What is the 
total number of birthdays in Sep- 
tember, December, March, and June? 
in October, November, December? 
Does the graph tell anything about 
how old each person is?” 

Questions such as these will help 
children realize that a graph is a 
very useful tool for communicating 
specific ideas if it is properly made 
and read. 


Answers for these exercises will vary from class to class. 


See Using the Exercises. 
1. Bob counted four people 


in his class with blue 
eyes. He started a 
graph like this. 


A 


Make a graph like this 
to show the colors of 
the eyes of the children 
in your class. 

What does your graph 
tell you ? 


2. Val asked each of her 
classmates to name his 
favorite season of the 
year. Then she made 
a graph like this. 


A 


Make a graph like 
this one to show 
your classmates’ 
favorite seasons. 
Which season was 
chosen most often 
in your class ? 
Which season was 
chosen least often 
in your class ? 


Number of students 
who chose the season 


Number of children in class 


| 


“hi 


| 


with eyes that color 


—4+——— 


| or ey eee 


9 } 


8 









Using the Ideas 














Blue Brown Green Other 
Color of eyes 
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Using the Exercises 

Both of the exercises on page 309 
require that children gather informa- 
tion about their classmates. Again, 
you might use the problem of collect- 
ing information as a class project. 
For example, children may decide to 
find out about the color of eyes of 
their classmates by looking at each 
person’s eyes individually and keep- 
ing tally. For exercise 2, they might 
decide to group the information 
together on a chart on the chalk- 
board. In either case, the importance 
of collecting data carefully should be 
stressed. Continue to help any chil- 
dren who seem to have difficulty in 
setting up their graphs. For those 





ee eee 

| | 
at Pen ae 
Autumn Winter 
Favorite season 
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who show 
special interest, suggest the activity 
in the follow-up section. 


who finish quickly or 


Assignments (page 309)* 
Minimum: 1-2. Average: 1-2. 
Maximum: 1-2. 





Follow-up 
Children might enjoy the challenge 
of making their own graph without 
a model to follow. You might sug- 
gest that they gather and graph 
information about one of their 
special interests. Or suggest that they 
make a graph to show how many 
children in their class have brown, 
blond, black, or red hair; how 
many children in their class (or 
school) come to school in cars, buses, 
by walking, by bicycling; or how 
many children watch certain TV 
programs. 

Resources for Active Learning 
[Graphs that tell stories] 

Applied Mathematics Cards, Group 
1/22-26, Schofield and Sims. 
(Available from Mafex Asso- 
ciates, Willowdale) 

Developmental Math Cards, H'6, 
H?11, Addison-Wesley. 

Math Activity Cards, B7, 8; C6, 8, 
Macmillan. 

Mathex: Graphing and Probability 
No. 6, pp. 1-3, Encyclopaedia 
Britannica Publications Ltd. 

Measure and Find Out, Book 1, Ac- 
tivity 22, Scott Foresman. (Avail- 
able from Gage Educational) 

Nuffield Project: Pictorial Repre- 
sentation 1, Wiley 
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PAGES 310-311 
Objective 

Given a set of number pairs corre- 
sponding to a particular function rule, 
the child will be able to graph the 
function. 


Preparation 
Materials 
graph paper 

You might want to review several 
function rules before children begin 
the investigation. You could do this 
by using the “What’s My Rule” 
game described on page 65. How- 
ever, spend only a very few minutes 
on this preparation; the children 
will need considerable time to do the 
activities in the lesson itself. 


Investigation 

This investigation might be handled 
by the children either in groups or 
individually. Children’s familiarity 
with the function machine should 
enable them to discover the rule 
(subtract one). Encourage them to 
find and graph as many number 
pairs as will fit on their graphs. Note 
that they are directed to graph the 
points for each given number pair, 
and not to connect these points into 
a line. One of the important ideas 
for them to discover is that the input 
and output numbers may be thought 
ofasa pair of co-ordinates fora point. 
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Function 


e 


310 





Discussion 

The discussion exercises should help 
children realize that each pair of 
input and output numbers may be 
matched to a point, just as the num- 


ber pairs they worked with previously - 


were co-ordinates of a point on a 
graph. 

Exercise 3 develops the idea that 
if the points plotted in the investiga- 
tion were connected they would all 
be on the same straight line. How- 
ever, do not have the children con- 
nect the points; the pattern of points 
in a row should suggest the idea of 
a straight line well enough to enable 
children to describe this pattern. 

If necessary, use a demonstration 





Can you discover the function 
rule and give some other 


input-output pairs for the 
Runclen 3 machine cards : iF 


® Can you show function machine pairs on a graph? 


Investigating the Ideas 


OUTPUT | 
le pesdas Le er 
et el ee 


NPUT 


a graph as shown. 


Subtract See above. 





Discussing the Ideas 


1. What pair is on the card coming out of the function 
machines Where will you mark the point for this pair ? 


See graph above. 


2. What are some other pairs on the cards 
that might come from the machine ? 
(7,6), (8,7), (9,8), etc. 
3. Do you think the points on the graph 
have a pattern ? Describe it. Ys. they lie onthe 


me straight line. 


grid or an overhead projector to 
show the graphs of other function 
rules. Use a different pair of co- 
ordinate axes for each graph of a 
function, or use a different colored 
pen to distinguish each set of co- 


' ordinates. Continue to stress with 


the children that they can think of 
the input and output as a pair of 
co-ordinates. 


5...6)-..7.- SaaS mao 


Mark the points for all 
input-output pairs on 


Using the Ideas 


1. Think about the function machine. Copy and complete the 


number pairs for each set of 8 input-output cards. Then graph 
the points for each set of cards. For graphs, see Answers, T.E. page 3ill. 


A Function Rule B 


~Subwact2 


ie) 


Function Rule 


Subtract from 9 


Function Rule c 


Divide by 2 


2 
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% 2. Copy and complete the number pairs. List the co-ordinates. 


Copy and complete the graph of this function. 


Function Rule 


Add 5 


Output number 


Co-ordinates 40 
oe (O75) 
——— (5, Ill)io 
——~— (10, Ill)is 
nO: mz 
——— (20, lil)2zs 10 
—— (25, B)30 : | 
—— (30, lll)as Gre 10 1.205 30). 40 
——~ (35, Ill)40 





30 





20 




















Input number 





% 3. Make your own list of number pairs for this function rule: 


Multiply the number by itself. 
Use input numbers 0, 1, 2, 3, 4. Draw the graph for this function. 


Input |[0]1|2]3|4] For graph,see Answers, TE. page Sil. 
Output]O]| 1/4/96 311 


Using the Exercises 
Assign the exercises on page 311 as 
independent work. 

Suggest that the children either 
make a separate graph for each part 
of exercise 1 or graph each part in 
a different color to make it easy to 
distinguish them. Starred exercises 2 
and 3 are intended to challenge more 
able children. For exercise 2, they 
are required to estimate the location 
of the points, but since the grid is 1. A 
large, they should not have much C 
difficulty. 


O- NW AUA~100 


, 


Points graphed by 
Points graphed by ©. 


Assignments (page 311)* 
Minimum: 1. Average: 1. 


Maximum: 1-3. 





Answers, exercises 1A, C, page 311 
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Mathematics 

Each function rule produces a set of 
number pairs (the input-output num- 
bers), and the graph of these pairs 
reveals a unique pattern. Picturing, 
or graphing, a special set of number 
pairs associated with a function is 
quite important in mathematics. 
Notice that except for exercise 3, 
the pattern displayed in the graph of 
each function indicates that each 
point would be on the same straight 
line. Such functions are called linear 
functions. More complicated func- 
tions and relations may give patterns 
such as parabolas, hyperbolas, etc. 


Follow-up 
Suggest that the children combine 
the “What’s My Rule” game with 
graphing points. For this game, 
pairs of children can work together 
using the same grid. One child thinks 
of a rule and asks for an input 
number. Instead of recording the 
output number, he simply notes the 
number mentally, applies his rule, 
and graphs the appropriate point. 
His partner gives him another in- 
put number and he again plots the 
appropriate point. The goal is for 
the partner to guess the rule the 
other child is using. 
Answers, exercises 1B, 3, page 311 
fd od Ul ad 
PASTE) 
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1. B Points graphed by @. 

3. Points graphed by X. 

Resources for Active Learning 

Discovery, Section I], Units 21/2-4; 
22/2,3, Encyclopaedia Britannica 
Educational Corp. 

Inquiry in Mathematics via the Geo- 
board, “Linear Graphs,” Geo- 
Cards 25/1-3; 26/1-6, Walker. 
(Available from Fitzhenry & 
Whiteside) 

Mathex: Graphing and Probability 
No. 6, ““Graphing Equations,” pp. 
7-10, Encyclopaedia Britannica 
Publications Ltd. 

Duplicator Masters, page 57 

Workbook, page 101 
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PAGES 312-313 
Objective 

Given negative numbers, the child 
will be able to read them and interpret 
their use on a graph. 


Preparation 
To prepare for this lesson, you might 
introduce the concept of negative 
numbers by suggesting an imaginary 
situation of receiving money and 
paying bills. For instance, ask the 
children to suppose that all of them 
have received a fifteen-dollar cheque. 
Continue with the idea that some 
receive another cheque, some receive 
a bill, some a féw bills, and so on. 
Use a sample name and record an 
imaginary situation. Lead children 
to the use of the positive and nega- 
tive numbers. Thus, if Tim receives 
the fifteen-dollar cheque, a bill for 
ten dollars, another fifteen-dollar 
cheque, and a bill for twenty dol- 
lars, his record would look like this: 
1 
sat, 
15 
~20 
Children might figure out how much 
money he has after each step: 
(1) $15 
(Qy19$5 
(3) $20 
(4) 0 


312 
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Discussion 


Your introduction of negative and 
positive numbers should be clarified 
by a study of the text material. 
In this section the child learns to 


think of a negative number. as the 


opposite of a positive number, as 
illustrated in the number line. Point 
out that ~3 is the same distance from 
zero as 3, but the direction of its 
location is opposite that of 3. 

The exercises apply the concept of 
negative number to a variety of 
situations. Expand each of these 
according to the need and interest 
of the children. For example, exer- 
cise 5 might be expanded into a 
classroom game. 


Seconds before 
blast-off 


ar egpemegs 1 Aerio amen hem 


SSS 


NEGATIVE NUMBERS 


negative numbers ? Zero; to 


® Can you graph negative numbers? 


Discussing the Ideas 


Eric watched as a moon rocket launching was shown on television. 
He drewa number line to show how negative and positive numbers 
can be used to describe the seconds before and after blast-off. 


Seconds after 
blast-off 


Blast-off 





-1 0 1 2 3 


POSITIVE NUMBERS 


We read “3 as “negative three.’’ We read ~2 as ‘‘negative two.” 


1. Can you write and say at least five more negative numbers ? 
Answers will vary. Samples :-4,*negative four”; -5 ,“negative five” 


2. Can you think of some other times when you could use 


Sample answers: To show temperatures bel 
to show amounts of indebte eet Se 
describe topographical features below sea level 


3. Maria and Nancy played a game. Maria’s score was ~7 points, 
and Nancy's score was 5. Who do you think won the game ? 


Why ? Nancy, because any positive number 
is greater than a negative number. 


4. If you use positive numbers to show an amount of money saved, 
what will negative numbers show ? Amount of money spent. 


5. If you use negative numbers to show the number of steps you 


walk toward the north, what will positive numbers show ? 
Number of steps toward the south. 


Using the Ideas 


1. The graph below shows the approximate changes in 
temperature on a cold January morning. Negative numbers 
indicate the temperature below freezing and positive 
numbers indicate the temperature above. 


ime 
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Temperature 


a What was the temperature at 4:00? 


sB What was the temperature at 9:00? 


What are the co-ordinates of that point?-2°¢, (-2%«,4:%¢) 


What are the co-ordinates of that point?0°<, (0°, 9:°°) 


c What do co-ordinates (— 1°C, 6:00) tell you? 
That it was I° below zero at 6:°°. 


* 2. Complete the function table. 
The graph may help you. 


Add 2 











Function Rule 








Input Output 






































Using the Exercises 

You might choose to use exercise 1 
on page 313 as the basis for further 
discussion. You might also have 
children work in groups of two or 
three on both exercise 1 and exer- 
cise 2, and have them record their 
answers so that they can be shared 
when all have finished. When the 
exercises have been completed and 
the children discuss them, continue 
to stress that each negative number 
is the opposite of a positive number. 
Use the graphs of the negative num- 
bers to emphasize this point. 


Assignments (page 313)* 
Minimum: 1. Average: 1. 


Maximum: 1-2. 





Mathematics 

The two important mathematical 
concepts presented in this lesson are 
the introduction of negative integers 
and the use of these integers to ex- 
tend graphing to the entire plane. 
Until now, graphing has been con- 
fined to one fourth of the plane. 

A convenient way to think of the 
negative integers is to consider them 
“reflections” of the whole numbers 
on the number line. 


Negative Integers Positive Integers 
(FSS SSS SSS 
<ee—ee_e eo © eo ee o> 
Sona, wally Lie She ody Saye aR) 
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The diagram shows how to pair 
each positive integer (whole num- 
ber) with a corresponding negative 
integer. As shown on the number 
line, we consider the negative inte- 
gers to be less than zero, which 
immediately suggests many applica- 
tions for their use. In mathematics, 
negative numbers are solutions for 
equations of the following type: 

4+n=0 
i= 

Integers are employed in this les- 
son as co-ordinates which indicate 
various locations on the plane. 


Resources for Active Learning 

Madison Project: Discovery in Math- 
ematics: A Text for Teachers, 
‘‘Numbers with Signs,” pp. 71-74, 
Addison-Wesley. 

Math Activity Cards, “Addresses,” 
Bl, Cl, Macmillan. 

Mathex: Graphing and Probability 
No. 6, ““Whole Numbers to Inte- 
gers,” pp. 10-11; “Positive and 
Negative Numbers,” pp. 13-15, 
Encyclopaedia Britannica Publica- 
tions Ltd. 

Nuffield Project: Graphs Leading to 
Algebra 2, “Coordinates Using 
the Integers,’ pp. 37-43, Wiley. 

Teaching Aids for Elementary Mathe- 
matics, ‘““Graphing Pictures,” pp. 
132-137, Holt, Rinehart and 
Winston. 
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PAGES 314-315 
Objectives 

The child will demonstrate his 
ability to work with the concepts 
developed in this chapter. 

The child will demonstrate his 
ability to work with the concepts 
indicated for cumulative review. 


Preparation 
Materials 
graph paper 

Depending on the needs of your 
class, you might use this preparation 
time to review algorithmic skills of 
multiplication and division or equiv- 
alent fractions. For example, write 
pairs of fractions on the chalkboard 
and ask children to tell whether or 
not they are equivalent. 


(4,2) (no)  (qa,4) (ves) 





1. a Copy this half of the picture 
on your graph paper. re right. 
Then graph the other half. 
sB On your graph paper, show the 
final position of the complete 
picture after this move: 












See Answer, T.E. page 315. 


2. Use your graph paper 


G3) Ges) Gia, 2) (no) to make a larger figure 
(2,8) (no) (sz, 3) (ves) similar to this one. 
(3; 3) es) I Gee) “(o) Grams Uta 


Move every point 
4 over and 2 up C : 


_ 
oO 


e@ graph 
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3. Group the children in your class according to color 
of hair — blond, brown, black, or red. Make a graph 


to show the number of children in each group. 
Graphs will vary from class to class. 


4. Graph these points and connect them in order to form 
a very common message. See Answer, T.E. page 315. 


(1, 4) > (3, 7) (3,9) = (2, 7) — (3, 4) = a as 
> (5, 6) > (6, 4) > (7, 6) > (7, 2) > (6, 1) > (6, 2) > (9, 5) 
> (8, 6) > (8, 5) > (9, 4) > (10, 4) 


314 


314 


Discussion 

Before you assign page 314, you 
might read through the problems to 
be sure children understand the 
directions. Point out the significance 


of the “‘over’’ arrow in exercise 1B; . 


it indicates a move to the right. Note 
that exercise 3 requires that the chil- 
dren gather information before they 
make the graph. A child may easily 
do this independently, from personal 
observations, but unless prior agree- 
ment is reached, you can anticipate 
some varying data regarding the 
number of children who have hair 
of a given color, depending on in- 
terpretation of the terms “blond, 
brown,” etc. Have an adequate sup- 


ply of graph paper available and 
give the children ample time to 
complete their work. Since both 
this page and page 315 include a 
large amount of material, you might 
plan to spend at least two days on 
this lesson. 





1. Find the products. 


a 72 B 86 c 43 

x9 x8 x12 

648 688 “SIG 

dp 128 —E 214 F 436 

x 27 x35 x 124 

3456 7490 54064 

2. Find the quotients and remainders. 
1Z2R2 43 Rl 4381 
a 7)86 B 9)388 c 6)259 
15R5 I7R64 34 


p 32)485 e& 84)1492 F 69)2346 








3. Which number in the 
set{1, 2, 3, 4,6, 9}is not afactorof a12?9 B 18?4 c 2429 


4. Write a fraction that shows the part of each region that is shaded. 
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5. Write three more fractions in each set of equivalent fractions. 
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6. Give the lowest-terms fraction that is equivalent to each fraction. 
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Using the Exercises Answer, exercise 1B, page 314 

Page 315 is a fairly complete review 
of multiplication and division of 
whole numbers and of fractional 
concepts. When the children have 
finished these exercises, discuss any 
topics which caused difficulty. If 
some children show a lack of under- 
standing of a particular topic, 
arrange to give them special help. 

Let those who solve the Think 
problem explain it to the whole 
class. Once children interpret the 
rhyme, they should not have diffi- 
culty in finding the answer. 





Follow-up 
Exercise 4 on page 314 might in- 
spire children to write and graph 
messages of their own. Some may 
choose to print letters of a message 
on graph paper and then write out 
the co-ordinates for a classmate to 
graph in order to find the message. 
Encourage children to conclude this 
chapter with this activity or any 
other graphing activity which they 
found particularly interesting. For 
example, you might find that children 
would enjoy imagining a grid on the 
classroom floor and walking from 
one location to another according 
to the directions of a classmate. You 
could use a roll of adding machine 
paper to form the horizontal and 
vertical axes in the centre of the 
classroom. If your classroom floor is 
covered with square tiling, you might 
agree to use a certain number of tiles 
for every number. Children might 
give directions such as: take 3 steps 
north and 4 steps east; or, take 1 
step south and 0 steps west; and so 
on. You might make this into a 
competitive game by dividing the 
class into teams, pointing out certain 
locations (at the door, by the closet, 
etc.) which a member must touch to 
score a point. If you use this idea, 
you will probably want each team 
to give directions to their own team 
member, trying to get him to the 
location as quickly as possible, using 
only the north or south and east or 
west instructions. 

Resources for Active Learning 

Developmental Math Cards, 1*12, 
Addison-Wesley. 

Freedom to Learn, pp. 50-52, Addi- 
son-Wesley. 

Inquiry in Mathematics via the Geo- 
board, Geo-Cards 24/1-7, Walker. 
(Available from Fitzhenry & 
Whiteside) 

Math Activity Cards, B4,5; C10, 
Macmillan. 

Mathex: Graphing and Probability 
No. 6, p. 3 (pupil pages 4-13); 
pp. 3-7, Encyclopaedia Britannica 
Publications Ltd. 


Workbook, page 102 (Use with text 
page 314.) 
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CHAPTER 14 


Fractional Numbers 


Pages 316-346 


General Objectives 

To introduce fractional numbers 

To provide a transition from sets of 
equivalent fractions to fractional 
numbers 

To introduce the fractional number 
line 

To establish the fact that each whole 
number is also a fractional number 

To introduce equality and inequality 
for fractional numbers 

To informally introduce addition of 
fractional numbers 

To introduce mixed numerals 

To provide experience with word 
problems containing fractional num- 
bers 

The early lessons of the chapter are 

devoted to material which helps the 

children begin a linear left-to-right 

orientation in fraction concepts as 

preparation for locating fractional 

numbers on the number line. The 

concept of relating each set of equiva- 

lent fractions to exactly one length 

of a strip or one point on the num- 

ber line, and thus to one fractional 

number, is introduced and stressed. 

The number line is the chief tool for 

providing experiences with these new 

fractional-number concepts. 

After relating fractional numbers 
to points on the number line, the 
concept of equality is introduced. 
We emphasize that any fraction from 
the set of equivalent fractions for a 
given fractional number can be used 
to name the number; thus the state- 
ment § = 4 means that 2 and 3 are 
symbols for the same fractional 
number. 

Following the work on equality of 
fractional numbers, the children learn 
to relate fractional numbers to the 
number line, and to lengths of the 
strips associated with a particular 
unit. Their attention is focussed on 
the lowest-terms fraction as the name 
most often used for a fractional 
number. 

Inequality concepts for fractional 
numbers are followed by léssons 
concerning fractional numbers that 
are greater than one. Then, addition 
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of fractional numbers is introduced 
intuitively through experiences with 
the strips and the number line, fol- 
lowed by an introduction to frac- 
tional numbers that are whole 
numbers and to mixed numerals. 
The final part of the chapter is con- 
cerned with fractional numbers in 
measurement, more material on 
addition, and finally, some fractional- 
number story problems. 
Mathematics 

Building the fractional-number con- 
cept from fractions (number pairs) is 
much like building the cardinal- 
number concept from sets. In the 
earlier texts of this series, we began 
to develop the concept of cardinal 
numbers by establishing an under- 
standing of equivalent sets. Next, 
children were led to think about 
classes of equivalent sets, and then 
about the cardinal number associated 
with each class. For example, they 
learned to associate cardinal num- 
ber 2 with the class of sets that are 
equivalent to: 


igaseen 


The equivalence of the sets in this 
class is illustrated as follows: 


Just as we abstracted. cardinal 
number 2 from the class of sets 
illustrated above, so can we abstract 
fractional number one half from the 
class of equivalent fractions. 


al 
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As you saw in Chapter 12, we can 
start with any lowest-terms fraction 
and imagine an infinite set of equiva- 
lent fractions with which we associate 
a fractional number. The number 
line is very effective for illustrating 





these ideas. For example, the num- 
ber line charts on page 323 of the 
text demonstrate that for each set of 
equivalent fractions there is one and 
only one fractional number. The 
following number line, which shows 
fourths, helps give meaning to im- 
proper fractions and corresponding 
fractional numbers. 
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The number line also helps illustrate 
that each whole number can be con- 
sidered a fractional number. That is, 
the whole numbers are a subset of 
the fractional numbers. 

Although we think of exactly one 
number for a given point on the 
number line (and exactly one point 
for a given fractional number), we 
may name the point with any frac- 
tion from the set of equivalent 
fractions for that point. 

The fact that each fractional num- 
ber has many different names leads 
to the concept of equality for frac- 
tional numbers. When we write 
tear 


2 — $3 
we are indicating that 3 and $ name 
the same fractional number. 


Two fractions name the same 
fractional number if and only if 
they are equivalent. 


The use of the strips to represent 
length in the first lesson of this chap- 
ter involves a very subtle transition 
from the idea of fraction to that of 
fractional number. Previously, in the 
chapter on fractions, the strips were 
used exclusively with ordered pairs 
of whole numbers; that is, the ratio 
concept was very much in evidence 
when the strips were used to provide 
experiences with fractions. In the 
first lesson of this chapter, the strips 
are used in much the same way as 
they were used to introduce fractions, 
with the exception of introduction of 
the concept of length. We take the 
point of view that length is a number; 
hence, when we say, “The fraction 
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one half compares the red strip to 
the unit” (in this case, the purple 
strip), we are working with the frac- 
tion concept. When we use the 
language, “The length of the red 
strip is one-half unit,’ we are moving 
from the concept of one-out-of-two 
parts, to the concept of a number 
which indicates the length of the red 
strip. Experiences are then provided 
to develop the idea that the red strip 
has a definite length and that this 
length can be named by a complete 
set of equivalent fractions, generated 
from imagining the purple strip par- 
titioned in different ways. 

Having introduced the idea of 
using fractions to represent length, 
we can move to the slightly broader 
concept, on page 318, of looking at 
sets of equivalent fractions and 
imagining a given length on a ruler. 
Again, the purpose is to provide a 
smooth transition from the concept 
of a set of equivalent fractions to 
that of fractional number. 


Teaching the Chapter 

Materials 

Colored strips 

Demonstration number line 

Maps of Canada, one showing 
time zones and one showing dis- 
tances between major cities 

Measuring cup showing graduated 
fractional parts 

Metre stick 

Objects to group or cut apart, to 
illustrate fractional-number con- 
cepts 

Overhead projector and transparen- 
cies (if available) 

Rulers (1 per child) 

Tagboard 

Tape measure, 2 m, steel or cloth 

Toothpicks (1 box) 

Wooden cubes, 2 cm on an edge 


Vocabulary 
mixed numeral fractional number 
The use of materials in this chapter 


centres on the colored strips and the 
number-line pictures. It would be 
convenient to keep a large display 
number line in a prominent location, 
since you will want to refer to the 
number line frequently. The basic 
materials for the children to manip- 
ulate are their sets of colored strips. 
The strips provide a great variety of 
examples of situations which relate 
to fractional-number concepts. At 
times you may feel the need to use 
demonstration materials of cutout 
objects to illustrate fractional-num- 
ber concepts. The maps suggested in 
the Materials list are to be used with 
the time zones on page 321 and the 
airline distances on page 346. 

You will notice that we use the 
term mixed numeral rather than the 
term mixed number to refer to num- 
bers represented by symbols such as 
34, 44. We make this distinction be- 
cause it is the symbol that is “‘mixed,” 
not the number. 


Lesson Schedule 

Plan to cover this material in about 
three weeks. Naturally, you will want 
to adjust your time schedule to the 
needs and abilities of your children 
and according to the time remaining 
in the school year. 


Evaluation of Progress 
Evaluating the children’s achieve- 
ment may be more difficult for this 
chapter than for any other chapter 
in the text. We do not expect the 
children to achieve thorough mastery 
of any particular skill in this chapter. 
Your primary consideration should 
be the children’s understanding of 
the general concept of fractional 
numbers, their relation to whole 
numbers, and their location on the 
number line. Associated with these 
are concepts of equality and inequal- 
ity for fractional numbers. 

This kind of evaluation may be 
made best by considering the chil- 


dren’s responses and participation 

during a given discussion. 

While teaching this chapter, keep 
in mind that we do not expect all 
children to master the fractional- 
number concepts completely on this 
first exposure. Do not be overly 
concerned if some children have dif- 
ficulty grasping the idea that there is 
exactly one number and exactly one 
point on the number line associated 
with each complete set of equivalent 
fractions. These children can con- 
tinue to study fractional numbers 
without fully abstracting the idea 
from the class of equivalent fractions. 
Resources for Active Learning 
GENERAL ACTIVITIES 

[The resources listed in Chapter 
12 will also be useful throughout this 
chapter. A few are repeated for em- 
phasis. ] 

Developmental Math Cards, 
Addison-Wesley 

Mathex: Numeration No. 7, ““Mean- 
ing of Fractions,” pp. 34-43 (pupil 
pages 27-41), Encyclopaedia Bri- 
tannica Publications Ltd. Activities 
and assignment cards using the 
body, shapes, charts, and linear, 
liquid, and area measurement. 

Nuffield Project: Computation and 
Structure 3, “Fractions,” pp. 
70-78, Wiley 

MANIPULATIVE DEVICES 

Modulated Cut-outs (Encyclopaedia 
Britannica Publications Ltd.) 

Unifix Fractions Kit (Educational 
Teaching Aids) 

COMMERCIAL GAMES 

Action Fractions (Math Media) 

Come Out Even (Holt, Rinehart and 
Winston) 

Competitive Fractions (Selective 
Educational Equipment) 

Fraction Dominoes (Responsive En- 
vironments Corp.; Selective Edu- 
cational Equipment) 

Fractions Are as Easy as Pie (Milton 
Bradley; school supplier) 


15, 


T315B 


PAGES 316-317 
Objective 

Given a unit and an object pictured 
as a part of the unit, the child will be 
able to give the length of the object 
as a fractional number by giving a 
set of equivalent fractions. 


Preparation 

To prepare for this lesson, you might 
have the children review the use of 
fractions to make comparisons of 
strip lengths. For example, have the 
children use the strips and ask them 
to show the ane strips which nisi 
the fraction 4, or the fraction 3. Or 
you might ask them to name a "Hae 
tion which shows how the 4-strip 
compares to the 6-strip, or the 
4-strip compares to the 5-strip, and 
so on. Use the preparation period 
simply to review how a comparison 
of two strips may be expressed by a 
fraction. 


Investigation 

Although the strips are referred to 
in this investigation, it is not neces- 
sary for the children to manipulate 
them. Read the investigation material 
with the children. It is important that 
children realize that the unit of 
measurement being discussed is the 
purple, or 4-strip, and that the red 
strip is being discussed in compari- 
son to this purple-strip unit. Also, 
note that the ruler pictured is not a 
centimetre ruler but only indicates 
the purple strip as the unit. The 
challenge the children are given is to 
relate several fractions to the one 
length being discussed. The pictures 
guide them in building the set of 
equivalent fractions for the number 
one half. However, some children 
oy realize that fractions such as 
=; or 77 or 4 are also names suit- 
able for representing the length of 
the red strip in this case. 
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1 “Al Fractional Numbers 


® Can fractions be used for length? 









Investigating the Ideas 


li 


The fraction 4 compares the red 
strip with the unit. The length of 
the red strip is one-half unit. 
For a given unit, the length 
of the red strip does not change, 

















Can you find 8 fractions for the red strip 
when the purple strip is the unit ? 


but different fractions 


These pictures may help you. 
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Discussion 
Have several children give the frac- 
tions which they listed in the investi- 
gation. Note that the number 
assigned to the red strip is determined 
by the given unit. Different fractions 
may be generated by thinking about 
this unit differently, as suggested by 
the investigation pictures. Hence, the 
number for the length may be repre- 
sented by any fraction from a set of 
equivalent fractions. As you discuss 
exercise 1, therefore, children should 
begin to realize that there is an end- 
less number of fractions we could use 
to name the comparison of the red 
strip to the purple strip. 

A discussion of exercise 2 should 


Discussing the Ideas 


See Discussion. 

3. Can you find a set of equivalent 
fractions for the length of the 
light green strip (when the 
pure ally is the unit) ? 
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1. How many fractions are there that compare the red strip 
with the purple strip 7tntinitely mans that is alee 
+ continues without end. 


2 re gree 


2. Howcan this statement help you understand the Investigation ? 


‘ 


focus on the idea that, once a unit 
is established, the length of an object 
is determined. This length may then 
be expressed with many different 
names. Just as 3+ 1, 2 X 2, 12 — 8 
all name the number four, so the 
fractions {4, 2 2. ...} all name the 
number one half. 

In exercise 3, develop the idea of 
how another length given in the 
same unit may be represented by 
many equivalent fractions. It would 
be helpful to present other examples. 
For example, ask the children to 
name some fractions for the length 
of the purple strip when the dark 
green strip is the unit (Gs or 8). 


can be used to represent it. 






















1. Give a set of equivalent 
fractions that tell the 
length of the red strip 
when the dark green 
strip is the unit. 
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a lItis 1 kilometre from Susan’s house to school. 
If the kilometre is the unit, give a fraction that 
tells the distance Susan has walked. ¥% (or equivalent) 
s Give another fraction for this distance. % (or equivalent) 





: -——_———______— 
gs & Ss << oe © 
@ OO 3, 
> eS S SF eS Ps ‘ x“ Ss © 
ss CS ee FS v3 page ws & 
SG Ne ES i S$ _& wv 
vs Fe = OS ve 
SS id Ss 
S g 


If the complete trip from Vancouver to Toronto 
is the unit, give two fractions that re 
distance the plane has flown. 


4. Write a “fraction question” about this picture. 


AK 


Start 





See Using the exercises. 





Using the Exercises 

You might choose to use page 317 
as a basis for class discussion or as a 
small-group activity. Note that these 
exercises continue to build on the 
idea of length, preparing the child 
for consideration of fractional num- 
bers in relation to a number line. 
For exercise 4, encourage children to 
write three or four “fraction ques- 
tions,”’ such as, ““When the runner is 
at point B, what fraction of the race 
has he run?” 





present the 
4,> %, (or equivalents) 


Using the Ideas 


D 
Finish 
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Assignments (page 317) 


Minimum: 1-4, oral. Average: 1-4. 


Maximum: 1-4. 





Mathematics 

In this book, we use the term frac- 
tional numbers to refer to the set of 
positive numbers and zero which can 
be represented by fractions. Each 
whole number v7 can be thought of 
as a fraction in the form of 7. The 
set of rational numbers contains the 
fractional numbers and their nega- 
tives, or opposites. Specifically, the 
set of rational numbers consists of 
all the numbers of the form ¢ where 
a and b are integers and 6 ¥ 0. That 
is, we do not permit the denominator 
of a fraction to be zero, for this 
would be equivalent to dividing by 
zero. 

Follow-up 

Suggest that the children use a strip 
ofpaper about 10, 12, or 1Scmlong 
as a unit to measure various objects 
in the classroom. Then ask them to 
give as many equivalent fractions as 
they can for the measure of each 
object. They can do this by folding 
the paper into various fractional 
parts. For example, if the desk top 
is 4 units long and the paper is 
folded into thirds, the length of 4 
units may be called LA; if the paper 
is folded into fourths, the length of 
4 units may be called 4°. 


Workbook, page 103 
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PAGES 318-319 


Objective 

Given a set of equivalent fractions, 
the child will be able to relate the 
fractional number the set represents 
to a point on a number line. 


Preparation 

To prepare for this lesson, you might 
review building sets of equivalent 
fractions. For example, write the 
fraction + on the chalkboard and 
ask children to give other fractions 
which may be used in place of qs 
such as 2, 735, 7s. --- - Continue 
similarly with other fractions, such as 
ee 3, = £: and so on. However, 
remember to keep the preparation 
time brief. 


Discussion 

The main purpose of this lesson is 
to help children think of a set of 
equivalent fractions as a single num- 
ber and to identify that number with 
a point on the number line. 

Ask the children to study the one- 
half chart. Explain that the torn 
bottom edge of this chart means 
that they should think of the chart 
as going on indefinitely. Observe 
with the children that the girl is 
looking at the chart and thinking 
about a point on the number line. 

Have them note that the point 
marks one half of the length of the 
unit. Point out that the girl is look- 
ing at the chart labelled “one half” 
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and she is thinking about exactly 
one number. 

Continue a similar discussion with 
exercise 2. Again, the boy is looking 
at a number chart for equivalent 
fractions and thinking about one 
number and one point on the number 
line. 

As you discuss exercise = remind 
the children that the numbers they 
studied previously are called whole 
numbers and that now they are going 
to study numbers that are called 
fractional numbers. 

Study with the children the dia- 
gram showing the set of fractions 
{3,4 Bq. «a} and ‘its location 
on the number line. Observe with 


For this set of equi t fractions 

we think of one fractional spi perieay: 
and one point on the number 
line. Which point ? Explain. 0 A B 1 


Point A, because itis % 


® Let's explore fractional numbers. 


Discussing the Ideas 





Betty is thinking of a fractional number. 
How do you think she found the point on 
the number line for this number [as Discussion 





Fred is thinking of a fractional number. 
How do you think he found the point 
on the number line for his number See Discussion. 





We call this number a fractional number 








of the unit shown. 


the children that for this set of equiva- 
lent fractions they are to think of 
just one number and one matching 
location on the number line. 





Answer a, B, Or c to give the point on the number 
line for each set of equivalent fractions. 





Using the Exercises 

Assign the exercises on page 319 
as independent work. When the 
children finish, discuss their answers 
with them. During this discussion, 
stress the idea that in each exercise 
one set of equivalent fractions gives 
many names for a single number and 
matches one point on the number 
line. This idea will be emphasized 
throughout the next three lessons. 





Using the Ideas 
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Assignments (page 319) 


Minimum: 1-9. Average: 1-9. 


Maximum: 1-9. 





Mathematics 

This lesson contains the heart of the 
mathematical development of the 
fractional-number concept. The 
charts on page 318 illustrate the idea 
of a class of equivalent fractions. 
The fact that these fractions are 
equivalent is illustrated by showing 
that they represent the same part of 
a bar, and the fact that each class 
continues indefinitely is suggested by 
the torn-off bottom edge of each 
chart. The picture of a child looking 
at a chart and then thinking of 
exactly one point on the number line 
is intended to indicate the general 
idea of fractional number; that is, 
there is exactly one quantitative idea 
associated with each chart (set of 
equivalent fractions). We indicate 
this association with a point on the 
number line to show that we con- 
sider this idea as a number in much 
the same way as we have thought 
about whole numbers. You will note 
that up to this point we have reserved 
the number line for whole numbers; 
we have not put fractions on the 
number line. In future lessons we 
shall indicate numbers by using 
fractions on the number line. 
Follow-up /‘‘Match My Fraction’’ 

If you wish to provide further review 
of familiar equivalent fractions, you 
might have children play ““Match My 
Fraction.” Direct the children to 
think of a fraction, preferably one 
with a denominator of two, three, 
four, or eight. Ask a child to 
give his fraction, and then call upon 
a second child to give another frac- 
tion for the same fractional number. 
He, in turn, gives a fraction from a 
different set and calls on someone 
else to name an equivalent fraction. 
This type of activity may be handled 
as a team competition, with a mem- 
ber from one team giving a member 
from another team a fraction to 
match. In this case, every time a team 
member responds with a correct 
match, his team scores a point. In 
order to keep the fractions simple 
enough, you might prepare cards to 
show lowest-terms fractions with 
simple denominators. 
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PAGES 320-321 
Objective 

Given a set of equivalent fractions 
and a number line divided appropri- 
ately with points, the child will be 
able to match a set of fractions with 
the corresponding point on the num- 
ber line. 

Preparation 

On the chalkboard, draw a number 
line approximately 1 metre long, 
allowing 75 cm without labels be- 
tween 0 and 1. 

Ask the children to estimate the 
location of the point for a set of 
fractions you give them. noe Oe 
ple, ae them the set {2, 79, i's, 
os, $2, ...} and ask a child to mark 
on the number line a point which he 
thinks would show this set of frac- 
tions. Do not expect a high degree 
of accuracy in these estimates, but 
help the children if the positions 
they mark are wholly unreasonable. 
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Can you match fractions with points? 


For each set of equivalent fractions in the table below there is a 


fractional number. Give the point on the number line for that number. 
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Discussion 
If necessary, work through one or 
two exercises with the children. Point 
out that they can find the number of 
parts into which the segment is 
divided between zero and one and 
then look for the fraction that corre- 
sponds to this number of parts. For 
example, in exercise 5 the children 
should observe that the segment is 
divided into eighths, and they els 
find the point for the fraction $. Or 
in exercise 6, they should see that 
the segment is divided into tenths, 
and they can locate the point for the 
fraction 75. 

Explain to the children that in 
exercise 12 they need to figure out a 
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fraction for the point indicated by 
the arrow and then look for that 
fraction within one of the numbered 
sets. They can be assured that when 
they find the given fraction in the 
set, the entire set of equivalent frac- 
tions belongs to that fractional- 
number point. 

In exercise 13, the children should 
observe that parts A, B, C, and D all 
indicate the same point. However, 
the children must give a different 
fraction for each. This exercise de- 
velops background for the idea that 
we can use many names for the same 
fractional number and the same point 
on the number line. 

You might use the Think problem 





Follow-up 

To provide children with further 

practice similar to the exercises in 

A a ii aabcT. «: (1) {% & i ...} this lesson, you might prepare a 
0 1 worksheet similar to the sample 

below. 


12. Match the sets of fractions with the number-line pictures. 
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as stimulus for a more detailed study 

of time and time zones. For example, Workbook, page 104 
the children might decide what time 

would be most convenient to call 

relatives who live in other time zones, 

or the hour at which they would 

need to board a plane or train in 

order to reach a distant city at a 

certain hour according to that city’s 

local time. 


Assignments (pages 320—321)__ 


Minimum: 1-13. Average: 1-13. 
Maximum: 1-13. 
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PAGES 322-323 
Objective 

Given the portion of the number 
line between 0 and 1 divided by points 
into parts of equal length, the child 
will be able to give one or more frac- 
tions that name the fractional num- 
ber for a given point. 
Preparation 
Draw on the chalkboard three or 
four number lines and mark points 
of familiar fractions on them. Beside 
each, write four or five fractions, one 
of which matches the point that is 
labelled on that number line. Ask 
the children to choose which frac- 
tion matches the point (indicated in 
parentheses below). 
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Investigation 


The preparation suggestions provide 
a review of identifying points and 
fractions. The investigation broadens 
this idea and develops the concept 
that many fractions may be names 
for the number that corresponds to 
a point and that such fractions all 
belong to the same equivalence class. 
The children should be encouraged 
to locate the student who gave the 
incorrect answer and then answer the 
investigation question independently. 
It would be helpful to provide 
other exercises on the chalkboard 
such as: 
“Give at least three names for the 
fractional number that matches 
each marked point.” 


6 r 


Stress the fact that these three frac- 
tions are equivalent; this fact is 
central to the main point of the 
lesson. 


oe 


@ How do we name fractional numbers? 


Investigating the Ideas 


Find the student who 
did not answer the 
teacher's question 
correctly. Tom 


Can you give some other ~ 
s for this point ? 


fractions 


Discussing the Ideas 





1. How can the statement below help you 
to find which student was wrong ? See Discussion. 


Any fraction from a set of equivalent fractions can be 
used to name the fractional number for that set. _ 


. Although each fractional number has many names, we usually 
use the lowest-terms 
fraction to name 0 
the number. What 
do you think is on the name 
tag that is turned over ?% 


. Give the lowest-terms fraction that names the fractional 
number for the point over the red arrow. 


a% 
0 


0 





Discussion designate a fractional number, make 
Write the fractions the children gave sure they realize that any fraction 
in answer to the investigation ques- from the appropriate set of equiva- 
tion. Ask them to name the lowest- lent fractions is correct. 

terms fraction of the set, and to 

point out which child in the illustra- 

tion gave the incorrect answer. As 

you discuss exercise 1, they should 

respond that since % is not in the 

same set of equivalent fractions as 

{S, z. ...}, they know it does not 

name the same fractional number. 

Include in your discussion of exercise 

2 other examples such as those sug- 

gested in the investigation, similar to 

exercise 3. Even though we want the 

children to become accustomed to 

using the lowest-terms fraction to 


Using the Ideas 


1. Just one fractional number goes with each point. Some of 
the fractions that name the fractional number are given. 
Give the missing fractions. 
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2. In each exercise, give two fractions to name the fractionar 


0 


number for the point over the red arrow. 


A 
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Using the Exercises 
On page 323 it may be helpful to 
work through parts A through G of 
exercise | with the children before 
having them complete the page on 
their own. This will give them an 
idea of what is expected in these 
exercises. Be sure to point out to 
the children the concept involved: 
they are using different fractions to 
name the points on the number line. 
Following this discussion, have the 
children complete the exercises. 
When they have finished, allow time 
for checking papers and for further 
discussion. Take this opportunity to 
re-emphasize that they are learning 
to associate with a given point on 


the number line, not only a fractional 
number and a set of equivalent frac- 
tions, but any fraction from the set 


of equivalent fractions. 


Assignments (page 323) 


Minimum: 1, oral; 2. Average: 1-2. 


Maximum: 1-2. 





Resources for Active Learning 
Developmental Math Cards, H'18, 
Addison-Wesley. 


Workbook, page 105 
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PAGES 324-325 


Objective 

Given an equation such as a = 2 
the child will demonstrate his under- 
standing that the fractions are names 
for the same fractional number by 
(1) giving the lowest-terms fraction, 
or (2) giving other fractions that are 
equivalent to them, or (3) relating both 
fractions to the same point on the 
number line. 


Preparation 

To facilitate children’s work in this 
lesson, you might review the cross- 
product check for equivalent Ne: 
tions. For example, write = and ¢ 


with the loops 


and review the procedure of cross 
multiplying to check equality. Give 
the children several examples for 
practice in using this check. 


Discussion 

In the previous lesson, children 
learned that a fractional number has 
many names, and each fraction which 
names a particular fractional num- 
ber belongs to one and the same 
set of equivalent fractions. Though 
the basic concept is the same in this 
lesson, the presentation helps to 
give meaning to the concept of 
equality for fractional numbers. 

As you discuss exercise 1, help the 
children realize that they should 
check each fraction to see whether it 
is equivalent to ¢. It would be helpful 
to have some children work out the 
equivalent-fraction check on the 
chalkboard. Exercise 2 introduces 
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3. Study this 
statement. 


7 
324 


the use of the equal sign with equiv- 
alent fractions. Have children observe 
that they may write the equal sign 
only between equivalent fractions. In 
other words, only equivalent frac- 
tions name the same fractional num- 
ber. Therefore, to indicate equality 
between two fractions is to indicate 
that the two fractions do name the 
same fractional number. 

In exercise 3, make sure children 
realize that although the lowest- 
terms fraction is the usual way of 
naming a fractional number, it is 
not incorrect to label all of these 
points using eighths. You might 
draw the following number lines 
on the chalkboard for reference 


2 names this fractional number—>{3, 4 
3 names this fractional number—>{3, 4, 


x fools) 


Discussing the Ideas 


Study the statements above. Then explain which other 
name tags should go with the point on the number line. 
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How can you use this idea to relabel some of these points 
on the number line ? See Discussion. 
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© When do two fractions name the same number? 





Study the vinctey above. What equations could we write 
cA 
about the fractional number for the point in exercise 1 ? a wok 24° 














. In each exercise, tell whether or not the 


two fractions name the same fractional number. 


A 


A 


. Find the missing numerators and denominators. 
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. Give three other names for each fractional number. 


Ree 


Think about equivalent fractions. 


A 


c 


. Give the lowest-terms fraction for each point on this number line. 


. Answer T (true) or F (false). 


A 


c 


=4' —Eg=2 1 i 
wZ r4="4 5 
=> co j=H' K i= 
= 3 H io=f5 L pb 


p=sT wn P= 3T C 
beatin nen ices ort 
ee as 
&=2T « =F 

a= OT LB=GT 

g=£F mZ=HF 

i = 4T nt=2T 


Om WO OF olrM 














1 2! 
0 6 es 


Using the Exercises 
Before you assign the exercises on 
page 325 as independent work, go 
over a few parts of exercise 3 with 
the children. Give them a few clues 
for finding the missing numbers. 
For example, from the check for 
equivalent fractions, they can see 
that in exercise 3A, 2 X 4 must be 
equal to 8 times some number (1). 
Also, they may remember that two 
eighths and one fourth belong to the 
same set of equivalent fractions, so 
the missing numerator must be 1. 
Note that in the Think problem 
the term common name is used as 
another way of speaking of lowest- 
terms fractions. 
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Using the Ideas 


10 

80 Yes 1 5 
4 
9 


DIO Ol 


] Yes J 




















il | Ese allae 
2 Mii2 Ses 
n > 4 _ Wl 
5 Lt Spd 
i + 6 _ iil! 
5 Ono eo 
1 ests 
ll © 1 Se aire! 


Assignments (page 325) 


Minimum: 1-2. Average: 1-4. 


Maximum: 1-5. 





Follow-up /‘‘E-Qual-ly-Cards’’ 

Children would enjoy playing a game 
called ‘“E-Qual-ly-Cards.”” Take an 
ordinary deck of cards for every 
four, five, or six players. Remove 
from this deck all face cards and 
consider the aces as ones. Deal four 
cards to each player. The object of 
the game is to form a pair of equiv- 
alent fractions. Each player takes a 
turn drawing from the deck or from 
the discard pile. He must always 
have only four cards in his hand, so 
after he draws a card he must dis- 
card a card face up. The next player 
in turn may take that discarded 
card or draw from the cards remain- 
ing in the original deck. When a 
player arranges a pair of equivalent 
fractions in his hand, he shows them 
and is declared winner. Note that 
some pairs may be thought of in a 
couple of ways; for example, if a 
player holds two fours and two 
eights he may arrange them as ¢ and 
4, as ¢ and &, or as $ and $. 


Duplicator Masters, page 58 
Workbook, page 106 
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PAGES 326-327 
Objective 

The child will demonstrate his abil- 
ity to work with the concepts indicated 
for cumulative review. 


Preparation 

Unless your class has found another 
concept particularly troublesome, 
briefly review comparisons of large 
numbers by writing several pairs of 
large numbers on the chalkboard 
and asking the children to tell which 
number in each pair is larger. Use 
pairs of numbers whose first few 
digits are the same (e.g., 24 108 and 
24 180) so that the children must 
make some judgments concerning 
place-value concepts to arrive at the 
correct answer. You might also give 
the children an opportunity to re- 
view the reading of large numbers 
as part of this preparation. 

If time permits, provide some re- 
view of measurement concepts, espe- 
cially those regarding volume and 
measurement to the nearest half unit. 
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1. Which number is larger ? 


a (62 807)or 359 968 


e 4027 s40)or 3 928 643 vO 284 316)0r 9 283 978 


2. Find the sums. 


a 3287 + 642 + 93216 + 4997194 c 37064 + 85 + 79 + 324640474 
B 43 826 + 925 + 8301 + ee p 9324 + 657 + 8421 + 3818 440 


3. Find the differences. 
a 9264 — 3818883 
B 731 — 285446 


4. Find the products. 
A ov X 26962 


c 78076 or(78 100) © (640 000)or 98 000 


c 6403 — 8565547 
p 7218 — 34513767 


Bp 58 x 794582 c 283 x 4613018 p 349 x 3832e2 


5. Find the quotients and remainders. 
a 348 + 749r5 B 625 + 203iR5% ¢ 482 + 36i3RI4% D 1927 = 51B7R40 


6. Measure each segment to the nearest half centimetre. 


A 
B 
Cc F——. 
D 


7. Find the volume 
for each figure. 
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Discussion 

Assign page 326 as independent 
work. When the children are finished, 
allow time for checking and discus- 
sing answers. Note that exercises 5C 
and 5D are starred; though this 
indicates that they are intended for 
more capable children, the entire 
class would benefit from a discussion 
of them. For those who are interested 
in the problems in exercise 7, you 
might recommend the activity sug- 
gested in the follow-up section of 
this lesson. 

It would be helpful to discuss the 
table on page 327 before assigning 
the word problems. Point out that the 
buildings listed in the table are not the 


Siva cm 


TVncrm 





eight tallest buildings in North Amer- 
ica, but that the Sears Tower, the 
World Trade Center, and the Empire 
State Building were the three tallest 
buildings in the world at the time 
the data in this table were compiled. 
Have the children note that there 
are other buildings which are taller 
than some of those listed. If practical, 
have children do research regarding 
the heights of buildings in a city fa- 
miliar to them. Remember that one 
of the objectives of such a word- 
problem set is to build children’s 
interest in working with arithmetic 
problems. 

When the children finish working 
the problems, spend ample time dis- 


E 6000 — 87s913 
F 4006 — 19823808 





—————— 


Follow-up 

To extend the ideas of exercise 7, 
page 326, ask the children to count 
the squares on the surface of figures 
A and B. Encourage the children to 
explain why the volume in figure B 
has increased by one even though the 
number of faces stays the same as in 
figure A. We would, of course, like 
to have children observe that adding 
a block to the figure in part B covers 
up three faces, but it also provides 
three additional faces. Finally, more 
able children should see that for the 


Sears Tower Chicago, Illinois 435 metres figure in part C the volume is one 


World Trade Center New York City 405 metres less than in part A, and the number 
Empire State New York City 375 metres of faces is two less than in part A. 
John Hancock Chicago, Illinois 332 metres If possible, provide blocks so that 
Chrysler New York City 314 metres those interested may arrange various 
Rockefeller Center New York City 255 metres stacks of blocks and count the num- 
Commerce Court Toronto, Ontario 235 metres ber of blocks in each stack. 
Toronto-Dominion Centre Toronto, Ontario 219 metres 





1. How much taller is the 4. a About how tall is a building 
Empire State building than if it has 58 stories and each 
the Toronto-Dominion Centre ?\S@m__ story is about 4 metres tall ?232m 
B If this building has a 
58-metre television tower on 
top, about how far is the top 
of the tower from the ground 2290 m 


2. The CN Telecommunications 
Tower in Toronto is over 
540 metres tall. How much 
taller is the CN Tower than 
the Sears Tower ?105m 5. A radio tower on top of the 

Commerce Court is about 

38 metres high. How far is 

the top of the tower from 

the ground ?273m 


3. About how tall is each 
story in these buildings ? 
A Sears Tower 4m 
B Empire State Building3% m 


6. How much taller is Commerce Court than the Toronto-Dominion Centre ?!6m 
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cussing both the problems themselves 
and other related topics of interest 
to the children. Some children, for 
example, may be interested in 
measuring the height from the floor 
to the ceiling of the classroom, and 
of some rooms in their-homes. (Such 
activities, however, should be under- 
taken only when adequate safety pre- 
cautions are assured.) 


327 


PAGES 328-329 


Objective 

Given a particular strip as a unit, 
the child will be able to use lowest- 
terms fractions to express the lengths 
of other strips in relation to the unit 
strip. 
Preparation 
Materials 
colored strips 

It would be appropriate to begin 
immediately with the investigation. 
However, if you prefer, review nam- 
ing a fractional number in lowest 
terms. For example, write the follow- 
ing fractions and ask the children to 
give the lowest-terms fraction equiv- 
alent to each. 





4 5 15 6 

8 10 20 8 

& 2 eon 3 

9 8 P, 9 

Boe 3 as 2 

12 6 6 4 
Investigation 


Some children may need a bit of help 
in order to understand what this 
investigation requires of them. Re- 
mind them of how a fraction can be 
used to name the length of each 
strip in relation to the unit. For 
example, have them compare the 
light green strip to the brown (unit) 
strip and decide whether or not it 
is in lowest terms. Of course, this 
comparison gives the fraction 2, 
which is in lowest terms. Suggest that 
they make a chart to show the frac- 
tion for each strip. You might put 
on the chalkboard a chart similar to 
the following (but without the 
answers). 


Strip Unit Lowest-Terms 
Fraction 
white brown (¢) 
red brown (+) 
light green brown G) 
purple brown (5) 
yellow brown (2) 
dark green brown (3) 
black brown ) 
blue brown (2) 
orange brown (3) 


It would also be helpful to desig- 
nate another unit, such as the blue 
strip, and have the children give the 
lowest-terms fractions for the lengths 
of the other strips in relation to the 
new unit. 
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is the unit. 
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Discussion 

Have children write on the chalk- 
board the lowest-terms fraction for 
the length of each strip in relation 
to the brown strip as the unit. Dur- 
ing your discussion of the text 
exercises, help the children realize 
that the fractions which express the 
lengths of the blue and orange strips 
are improper fractions. Note that 
the improper fraction a , which is 
the length of the orange strip, is not 
the lowest-terms fraction because it 
may be feplaced by =. You might 
also discuss the length of the brown 
strip when compared to itself as the 
unit. Help children realize that the 
fraction $ is another name for 1. 


Investigating the Ideas 


Suppose the brown strip 


Can you find the lowest-terms fraction 
for the length of each of your other strips ? 


Discussing the Ideas . 


@ Let's explore other fractional number lengths. 





1. How are the fractions you found for the lengths of the blue 


and orange strips different from those for the other strips ? 


They are improper fractions (numerators are greater 
than denominators). 


2. Can you describe more than one way to find the lowest-terms 
fraction for the length of the red strip ? See Discussion. 


3. Can you describe more than one way to find the lowest-terms 
fraction for the length of the orange strip ? sce Discussion. 


In discussing exercises 2 and 3, 
some children may suggest finding 
the lowest-terms fraction by think- 
ing of both strips (the strip being 
compared and the unit strip) in terms 
of eighths, and then finding the 
lowest-terms fraction from the ap- 
propriate set of equivalent fractions. 
Others may immediately think of the 
unit in fewer divisions when possible, 
such as in fourths when the red strip 
is being considered. 
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See Investigation. 
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If the dark green strip 

is the unit, what is the 
lowest-terms fraction 

for the length of each 

of the other strips ? 
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Using the Ideas 
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If the dark green strip is the unit, what is the lowest-terms 


fraction for the fength of the blue strip 2% the sil strip ?% 
White “> red 4H ple Ho, purple %, yellow % , dk. green 


black },> brown 4 W% blue Y %o 
If the orange strip is 


the unit, give the 
lowest-terms fraction 
for the length of each 
of the other strips. 


If the yellow strip is 
the unit, what is the 
lowest-terms fraction 
for the length of the 
orange strip?% 


If the purple strip is 
the unit, can you make 
a ‘train’ of 2-strips 
that is 3 units long ? 
See Using the Exercises. 


Using the Exercises 
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Assign the exercises on page 329 as 
independent work, to be done by 
children working individually or in 
groups of two or three. Remind them 
that the length of each strip depends 
on the unit strip. Exercises 1 and 2 
deal with the same unit, first with 
proper fractions and then with im- 
proper fractions. Encourage children 
to use their strips while they do 
exercises 3, 4, and 5. Though exercise 
5 is designed to be challenging, all 
would benefit from an explanation: 
Since the 2-strip is the 4 unit in 
relation to the purple strip, then nine 
2eitos will be needed to make a 
train > 2 units long. 


Assignments (page 329) 


Minimum: 1-4. Average: 1-4. 


Maximum: 1-5. 


Solution, Think, page 329 

After children have had sufficient 
opportunity to work with the Think 
problem on their own, explain the 
answer by listing hes first ten frac- 
tions in the set {2, 9, 8, 2. . .}. 
Observe with them that they have 
never seen another set of equivalent 
fractions in which all the numerators 
are the same. Then explain to them 
that zero is the only number which 
has this characteristic. This would 
also be a good time to explain to 
the children that zero may be ex- 
pressed as a fractional number or as 
a whole number. Perhaps the best 
way for children to understand this 
is through their experience in work- 
ing with the number line. 


Follow-up 

Encourage children to make charts 
showing the lengths of strips for 
different units. For instance, you 
might have them work in groups and 
have each group make a chart for a 
particular unit strip. They might 
draw the unit strip and each of the 
Other strips, and label each strip 
according to its fractional length in 
terms of that unit. Remind them to 
use lowest-terms fractions for each. 


Example: 
unit strip: light green 
white: 4 
red: § 
light green: 3 or 1 
purple: 3 
yellow: 3 
dark green: $ or 2 
black: 3 
brown: § 
blue: 3 or 3 


orange: *,° 
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PAGES 330-331 


Objectives 

Given two different fractional num- 
bers, the child will be able to write 
an inequality to express which frac- 
tional number is greater. 


Preparation 
Materials 
colored strips 

The children’s familiarity with the 
strips should be sufficient to allow 
an oral review involving comparisons 
of their lengths. Ask children ques- 
tions such as: “If the brown strip is 
the unit, what length has the purple 
strip?” (4) “If the yellow strip is the 
unit, what length has the red strip?” 
() “If the blue strip is the unit, 
what length has the light green 
strip?” (¢ = 4) (If necessary, let 
those who wish to do so use their 
strips while you ask these questions.) 

Also, review the inequality sym- 
bols (<, less than; >, greater than). 


Investigation 
Study the introductory text and 
illustrations with the children. Make 
sure they realize that, in relation to 
the brown strip, the purple strip has 
length 3 or 5. By comparing the 
lengths of the strips, children are able 
to see which fraction represents the 
greater number. Encourage children 
to record their results. For example, 
suggest a table like the one below. 
Unit Inequality 
brown | light green (2)| 2 <4 
purple (3) 
Sample pairs of strips which the 
children may use are as follows: 


Strips 


black > yellow red < dark green 


| ae ae 

78 4<4 
blue < black blue > yellow 

ee. 7 eee 

a % 478 
red < green blue < orange 

do ps 

4<8 84 


Note that all these fractions are 
given in lowest terms. It is not in- 
correct for children to use a fraction 
in higher terms, but encourage them 
to use lowest-terms fractions. De- 
pending on the children’s ability, you 
might suggest that they write inequal- 
ities using a different strip as the unit 
length, such as the dark green strip. 
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® Which of two fractional numbers Is greater? 


Investigating the Ideas 


If the brown strip has length 1, 





unit 


then these strips show the inequalities 


3 < 4 (2is less than 3 


and 


4 > 3 (“sis greater than 3’) 


Using the brown strip as the unit, what other 
; er ; : eee 
inegualities can you write and show with your strips ¢ 


Discussing the Ideas 


1. How can you tell that 3 is less 
than 3 by looking at the strips ? 


See 


. Explain how the shaded parts 
of the two circular regions help 


you see that 4is greater than 3. 


Shaded area for 45 is 
larger than for %. 


iScussion. . 





. Explain how the number-line 
picture helps you see that 4 


is less than 2. 


= Ag a smaller portion of 


e unit than %- 


Discussion 

Discuss the pairs of strips and 
inequalities which the children re- 
corded. A comparison of the lengths 
of the light green and the purple 
strips shows that 2 is less than 4. 
Also, discuss this comparison in 
terms of 2 and %. Point out how 
easy it is to compare fractions when 
their denominators are the same. For 
example, we may think three eighths 
is fewer than four eighths without 
using strips or materials because we 
know that three is less than four. 

It would be helpful to use other 
demonstrations to show inequalities 
of fractions. For example, demon- 
strate with a measuring cup that s 





is greater than + or that 4 cup is 
greater than 4 cup. You might also 
use a metre stick to show that + 
metre is less than + metre. Shaded 
regions similar to those in exercise 2 
would also be useful. Of course, a 
number line marked in various frac- 
tional segments is an excellent aid in 
comparing fractional numbers, and 
may more easily help the children 
recall that they are comparing not 
just lengths or quantities but frac- 
tional numbers represented by frac- 
tions. 


ms 


1. Study the number line. Then give the correct sign 


(<, =, or >) for each i. 
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2. Write an inequality for each exercise. 





3. Answer T (true) or F (false). 


A 


h>% (or %< %) 
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Using the Exercises 

Assign the exercises on page 331 and 
plan sufficient time for consequent 
discussion. In exercise 2, note that 
more than one correct answer is 
possible for each part, depending on 
the terms chosen and the inequality 
sign used. In exercise 3, call attention 
to parts C, J, K, and L, in which 
both numerators are the same but 
the denominators are different. Help 
the children recognize that, when 
two fractions have the same numer- 
ator, the fraction with the smaller 
denominator represents the greater 
fractional number. Children will be 
able to grasp this idea more readily 
perhaps if you suggest that they 








Using the Ideas 
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think, in part J for example: “Since 
4 of an object is more than % of 
the same object, 2 of that object 
must be more than @ of that object; 
therefore, the statement ? < 2 is 


false.” 


Assignments (page 331) 
Minimum: 1-2. Average: 1-3. 
Maximum: 1-3. 


Mathematics 

If two fractional numbers, % and 4%, 
are to be compared, we can express 
both fractions with a common de- 
nominator, bd. Then we would need 
to compare #4 and #9. Since the 
denominators are the same, we need 
but to compare the numerators, ad 
and bc. Therefore, for positive frac- 
tional numbers, we can state 


= » =u and only if ad > be. 


In this lesson, we present infor- 
mally (through the use of the strips, 
regions, and the number line) the 
general concept of inequalities for 
fractional numbers. A precise defini- 
tion of inequality for fractional 
numbers is not presented to the 
children at this time. 

Follow-up 

Children might enjoy a game which 
would help them compare fractions. 
Number the sides of each of a pair 
of small cubes with the even num- 
bers from two to twelve. Each player 
takes a turn rolling the cubes to form 
a proper fraction. Before he rolls, he 
guesses whether his fraction will be 
less than + or greater than +. If he 
guesses right, he earns one point and 
takes another turn. If he guesses 
wrong, the next player takes his turn. 
For example, the first player calls 
“less than” and rolls a 1 and a 3. 
Since 4 <3, he earns a point and 
another roll. Children could play this 
game in groups of two or three. 


Workbook, page 107 
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PAGES 332-333 
Objective 

Using appropriately divided number 
lines, the child will be able to name 
fractional numbers greater than one 
by using improper fractions. 
Preparation 
To prepare for this lesson, review the 
strip activities of the previous les- 
sons which treat fractional numbers 
greater than one. For example, ask 
the children to give the fractions 
which show the following cases: 

If the dark green strip is the unit, 
what is the length of the blue strip? 
( or 8) 

If the red strip is the unit, what 
is the length of the brown strip? (+ 
or$) Make sure children realize 
that in this case the white strip is 
the half unit. 

If the purple strip is the unit, what 
is the length of the brown strip? of 
the orange strip? (2 or 8; 3) 

If the light green strip is the unit, 
what is the length of the blue strip? 
of the dark green strip? (¢ or 3; 
for §) 


By 


a 
(Answer: 5) 
Bp —ia 

c ig h 

D Dy kK 
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Discussion 

Show on your demonstration number 
line two or three of the fractions 
treated in the preparation section. 
Point out to the children how they 


can count the number of halves, . 


thirds, fourths, or whatever the de- 
nominator might be. You might 
have the children do the exercises 
and discuss the ideas afterward. 
Help children realize where numbers 
such as 3, 3, and § appear on the 
number line in relation to the num- 
ber 1. Also, have them observe the 
association between $ and 0, ¢ and 
is a and 2, etc. Have them note that 
each whole number is also a frac- 
tional number, and that each such 


® Can you name larger numbers on the number line? 


Discussing the Ideas 


1. Give the missing fractions. 





2. Choose the point for the number given. 








number has an unlimited number of 
names; for example, all fractions of 
the set (5, 2, 48, ...} are names for 
the number 2. 





1. Give the missing fractions. 





0 1 2 3 
3 Yeo ne oem 
{veces a Le ee SS 
ae ar Ce Rag ame 
% meee Tosana 


2. Give a set of three equivalent fractions that name the 
fractional number for the point above the red arrow. 





tO 1 





0 1 


3. Answer T (true) or F (false). hae 


hee kt nA < 2F 
B $<3T 1 2>3T 
Gee sf sf SF 
p3>2T . x §>4F 
eS=3T U. §$>3F 
Fs<3T m?< QF 
eyes. “wo > Pr 


* 4. Find the missing numerators. 





Using the Exercises 
Have the children do the exercises 
on page 333 independently, and allow 
time for checking papers and for 
discussion afterward. 

In starred exercise 4, call attention 
to the fact that a considerable por- 
tion of each number line is missing. 
In exercise 4A, for example, the break 
in the number line between 3 and 15 
shows that something is missing. 
The number line has been divided 
into %-unit segments. By counting 
these segments, the children can see 
that from 0 to 2 there are four 5-unit 
segments. The point labelled 2 on 
the number line could also be label- 
led+. By extending these ideas, they 


Using the Ideas 


can see that there would be 30 seg- 
ments from 0 to 15, meaning that 
another name for 15 is -2. Obvious- 
ly, the next point on the number 
line must be +. 

For the Think problem, a few 
children may discover that the second 
product through the seventh are 
actually multiples of the first prod- 
uct. However, expect most children 
to write the missing products by 
inspecting the pattern. 





Assignments (page 333) 
Minimum: 1-2. Average: 1-3. 
Maximum: 1-4. 





Follow-up 

For practice in finding equivalent 
improper fractions, give the children 
a worksheet similar to the one shown. 





Give the missing numerators and 
denominators. 















3 _ ill si et 
a . Sees 

5 0 Ul 
2.2 = HP 8. r= a 
sete $=4 
Ce Gis jualiems oy 
4.12 =i 10.3 =F 
5. £=8 11. 4° =] 
6 f= 12. 15 =} 
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PAGES 334-335 
Objective 

Given two fractional numbers writ- 
ten with like denominators, the child 
will be able to add them. 


Preparation 
Materials 
colored strips 

You might use the preparation 
time to provide the children with 
further practice in expressing frac- 
tions from a study of the strips. For 
example, ask children to show with 
their strips the fraction 3, if the 
yellow strip is the unit; or to show 
3, if the brown strip is the unit; or 
2, if the black strip is the unit. 


Investigation 
Have children use their own strips 
to show the addition operation illus- 
trated in the text. Make sure they 
realize that the light green, yellow, 
and brown strips are labelled =, +, 
and 7%; because the orange strip is 
the unit. Explain that they may use 
any strip as the unit strip while they 
find 5 more addition equations. Re- 
mind them to record both the strips 
they use and the fractions that they 
add. (Note that we speak of adding 
“*fractions.’’ Actually, only fractional 
numbers may be added; however, for 
convenience, the term fraction may 
be used in such contexts, and it 
should be understood to mean the 
addition of the fractional numbers 
represented by these fractions.) 
Sample addition equations follow. 


Unit Strips Equations 
black = purple-+white 
=yellow 7+7=3 
dark red-+red 


4 
green = purple a eee 3 
blue purple+red 
=dark gren §+3= 
brown = yellow+yellow 
=orange 2+3=15 
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® Can fractional numbers be added? 


Investigating the Ideas 


Addition Equation 


Can you use your strips to write 5 more 
addition equations with fractions ? 


Discussing the Ideas 


1. What unit and which strips would you use to show 
that 5 + § = 3? Explain. see Discussion. 


. Explain how the number-line picture 1: snows where you will land 


‘ : j 3 
helps you find the sum of 3 and 2. jump of Ziennich is “tne came. 
: 4+ 3. 


oo ne 
itis a% 


. Explain how you would decide what the second jump would 
be in order to find the sum of @ and 2. From %, count over 5 more sixthe. 


— ae 


Discussion 

It is essential that children under- 
stand the significance of the unit 
strip: the strip chosen as the unit 
determines which fractional numbers 


are represented by the other strips. - 


For example, the purple strip plus 
the red strip match the equation 
+ #% = & when the brown strip is 
the unit, but these strips match the 
equation 3745 + 7% = 7% when the 
orange strip is the unit. Develop 
this point as you discuss exercise 1: 
the light green strip plus the red 
strip match #+2=2 when the 
black strip is the unit, but they 
match $+2=2 when the blue 
strip is the unit. 


8 9 10 11 
6 


6 8 
6 6 


teen % 


"6h 6% 





In exercises 2 and 3, the illustra- 
tion with the number line clearly 
shows what the unit (or denominator) 
is in each case. Have a child explain 
how the final equation is related to 
the number-line picture. If necessary, 
provide similar examples with your 
demonstration number line, but for 
the time being, avoid mixed numerals 
and addition of fractional numbers 
represented by fractions having dif- 
ferent denominators. 


1. a lf the a is the unit, 


how long is the light green 
strip ? the red strip ? % + % 
B What is the length of the 1 


Using the Ideas 


single strip that has the ays ea ee Ra ay SS J 

same length as these 

two strips together ? % 
c Write an addition equation for this. % + % = 5% 


2. Write an addition equation for each number-line picture. 


* 4. 


Tages “+4> % 
- LSS ar cliedie B 


RIO 


alr 
Ain 


Find the sums. 


AZ+#% 6 ¢ 


6 
8 
8 3+4% »vé 


a lf the red strip has length 4 
and the light green strip has 


length 3, what is the unit ? dark green(%) 
B What is the length of the single strip that is as long as these : 
two strips leat ? Copy and complete the equation.4+2= %@ 


Using the Exercises 

Assign the exercises on page 335 as 
independent work. When the children 
have finished, check the answers and 
have volunteers discuss them. You 
might ask children to show the addi- 
tions of exercise 3 on the number 
line or with the strips. In starred 
exercise 4, children must realize that 
the dark green strip (6-strip) is the 
unit before they can successfully add. 
Make sure they do not think 4+ 4 
= 4, even though the red strip with 
the light green strip matches the yel- 
low strip (5-strip). Help them to 
think first of the light green strip as 
2 and the red strip as 2, to assure 
correct understanding. 


bth? 


Assignments (page 335) 
Minimum: 1-3. Average: 1-3. 


Maximum: 1-4. 
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Follow-up 

List several equations on the chalk- 
board and ask children to show the 
operation with their strips. They may 
record the strips they use by writing 
an equation with the color names of 
the strips or by drawing the strips. 
(Note in the samples below that all 
denominators are ten or less than 
ten.) 


ws 


o|* 
+ 


i a totito =" 
Pe pSn 
eel, Se, 
sto=n totio=" 


Sample equation worked out: 

Unit: Blue — 

Light green+ Light green = Dark green 
ga eae Mgt oe 


blue (unit strip) 


Resources for Active Learning 

Mathex: Numeration No. 7, pupil 
pages 42, 43, Encyclopaedia Bri- 
tannica Publications Ltd. 


Workbook, page 109 
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PAGES 336-337 
Objectives 
Given a whole number, the child 
will be able to write it as a fraction. 
Given a fractional number that is 
also a whole number, the child will be 
able to write it in the usual whole- 
number notation. 


Preparation 
Materials 
colored strips (optional) 

You might use the strips to review 
writing improper fractions. For ex- 
ample, ask: If the brown strip is the 
unit, what fraction matches two 
purple strips? four red strips? eight 
white strips? (2; %; 8) If the blue 
strip is the unit, what fraction 
matches three light green strips? (3) 


Investigation 
It would be helpful for the children 
to draw a number line of their own 
similar to the one in the text. They 
may then use it to think of different 
fractional segments. By counting 
these segments, they can find various 
fractional names for the whole num- 
bers given. (See chart at the foot of 
this column.) Once they find the first 
few names for each whole number, 
no may ozs some patterns. 

41, 2, 3, . . . follows an easily 
recognizable paren 
Or, they may think across: 


Lae er ee Oe 3 One o 
~-—3 >> -5 =O Se aie ie 
(Mae AO Se mee 3 3 
Or, they may think down: 

! 2 3 

I 1 l 

be Be 
/) Vee? lex2 
B PLOS iy, 6) 
3 Pex lex 3 


You might refer those who are hav- 
ing difficulty to previous pages in the 
text, such as page 332. 


a 


Blo We wif iP} bo 


aon pip leo nl HEF 


oO 
il 
0 
2 
0 
3 
0 
4 
oO 
5 
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®@ Can whole numbers be matched with fractions? 


Investigating the Ideas 








This number line shows some 
fractional names for the whole numbers. 


0 









Can you make a set of five different 
name tags for some other whole number ? 


See Investigation. 
Discussing the Ideas 


1. Explain an easy way to find the names for 0. 
Use O inthe numerator ineach fraction. 









2. What makes it very easy to find the names for 1 ? 
Numerator anal denominator are the same in each fraction. 






. In each fraction for 2, the numerator is greater than 
the denominator. How many times as great ? 
Twice as great 

4. In each fraction for 3, the numerator is how many times 
as great as the denominator ? Three times as great. 





5. What whole number would go with each of these tags ? 
A 8 B :) c :) E 5 F : 5 
6. How could you easily find a fraction for 4? 
See Discussion. 
336 





Discussion 

As you discuss each exercise, have a 
child exhibit on the chalkboard his 
fractions for that whole number. 
Zero as the numerator will be easily 
identified in exercise 1. In exercise 
2, the children should realize that 
the numerator and denominator are 
equal. Write other fractional names 
for one such as 28, 442) and 
4999-009 and ask children to 
identify the whole number they 
name. Exercise 3 emphasizes that 
the numerator of every fraction 
equivalent to # is twice as great as 
its denominator, while exercise 4 
makes the point that the numerator 
of every fraction equivalent to ? is 


WIO nlm Hof Go 


= 

we 
ware 

Mey Blo 


1. Give the missing fractions. 





no HO O 


6% 


2. Match each whole number with a set of equivalent fractions. 


1 2 3 & 5 6 7 8 
a aR ee ce 
ce fe fete BO ely i 
ee hare ee 


Becca) (l)ayerr gee 
a 6) (2) 083948 .. 3] 
ce 1065) (3){] #38 4B 2. } 
meee (4) (i254 
EROSCU EN (5). {te Sn sda tice} 
pein) (6) i? 5, 3.9, . 


3. Give the missing numerators and denominators. 


aA-3=f2 © O=}0 1 Oo Ate oul 2 = 2-0-4} = jhe 
p6=6, -15=, 5 8=424 vn 20=o 2 3= 1° 
c1=85 @2=#8 x 4=}, 0 11=47 8 §=fii2 
peo Fn 7-= bie 1 10=$20 ps=H5 + $=fhie 
4. Find the sums. 

agt+h% 10$+4% 0 343% ws +FH m24+34 
p$t+% 2£2+3%4 un¥+3'%e n64+3% wGt+3'% 
© 34+4% 6 34+3'% 1 443% 1 $4+34% 014+3% 
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three times as great as its denomina- 
tor. As you discuss exercise 5 and 6, 
help the children generalize this 
pattern so that they think, for exer- 
cise 5: “Since 32 is eight times as 
great as 4, or 4 X 8 = 32, then 32 
must equal 8.” And for exercise 6, 
help them see that any fraction 
whose numerator is 4 times as great 
as the denominator equals 4. Also 
point out how the multiples of 4 
appear as the numerators in this set 


of equivalent fractions: {f, $, +7, 
16 
Tas aedediel 


Using the Ideas 


~ = Th, . cee] 























Using the Exercises 
On page 337, although children 
could refer to the number line or 
strips to answer exercise 3, point out 
the pattern based on the check for 
equivalent fractions. For example, in 
exercise 3A, 3 can be thought of as 
6 


i at) 
From the cross products, we know 
that 3 X n= 6 X 1, so n must be 2, 
ands =" 

In exercise 4, instruct the children 
to think of any whole number as a 
fraction and express the answer as 
an improper fraction. 

Assignments (page 337) 
Minimum: 1-2. Average: 1-4. 
Maximum: 1-4. 





Follow-up 

If the children enjoy the games with 
the numbered cubes (see page 331), 
you might have them work out rules 
for a game in which they use four 
cubes and try to roll a pair which 
will form a fraction that can be 
matched with a whole number. 


Duplicator Masters, page 59 
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PAGES 338-339 
Objectives 

Given a mixed numeral, the child 
will be able to write it as an improper 
fraction, and given an improper frac- 
tion, the child will be able to write it 
as a mixed numeral. 


Preparation 

Review naming whole numbers with 
improper fractions by asking ques- 
tions similar to the following: 

2 is the same as how many fourths? 
How many fourths must you have 
to name the whole number 2? (8) 

How many thirds must you have to 
name the whole number 4? (12) 

How many fifths must you have 
to name the whole number 3? (15) 

Alternately, you might write equa- 
tions such as the following on the 
chalkboard and ask children to give 
the missing number. 


4 16 243 aie, iL 
i oe ee ee ‘bees: 
ca EG) Se 9 18 
ies ‘temo {ae 
7_ 28 6 _ 24 2_ 10 
ioe i) e. alae 
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@ What are mixed numerals? 


Discussing the Ideas 


1. Symbols such as 23 and 3} are 


called mixed numerals. The two 
examples on the right will help 
you understand mixed numerals. 





What is the meaning of 8? How do you think you should read 
the mixed numerals “23,” ‘’34,"" and "83" ?See Discussion. 


22) — te 


3 
oP) pe 


You can name the point over the red arrow whe a mixed 
numeral or with an improper fraction. How does the colored 


b 
shading in a and s show this ?a8. 8 hal inane Coe Seas Snes nits 


. For each mixed numeral, you can find the improper fraction. 


For each improper fraction, you can find the mixed numeral. 
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Discussion 


Study the text material with the 
children. Lead the children to read 
the symbol 2% as “two and one half.” 
Stress the fact that 3 and 24 name 


the same fractional number. To 


demonstrate this concept, use the 
number line or have the children use 
their strips to show, for example, 3 
when the purple strip is the unit. 
Then ask them how many purple 
strips may replace some of the red 
strips. They should realize that 5 red 
strips, or 3, is the same as 2 purple 
and 1 red strip or 24. Or, using the 
same unit, you might have them study 
34% by replacing a train of three 
purple and 1| white strip with a train 


a Can you explain the way these function machines 
might have ope leery ? See Discussion. 


Bs Choose other ‘inputs’ for each machine and explain 
how to find the “outputs.” 


of 13 white strips. In this case, make 
sure the children realize that the 
purple strip is the unit and the white 
strip is 4 of it. 

As shown in exercise 3, when chil- 
dren are to change a mixed numeral 
to an improper fraction, lead them 
to rename the whole number as an 
improper fraction and then add on 
that part of the number which is 
ont expressed as a fraction: 


=44+$-$+43-=3 


When children are to change an 
improper fraction to a mixed nu- 
meral, encourage them to ask them- 
selves how many whole numbers are 
contained in this fraction and what 








1. Give the correct mixed numeral for each sum. 


a 2+} pd B+ 13% 
(Answer: 2}) e1t+4ie 
Bg+} F e+ 14 
(Answer: 2}) o 5+}5% 
c 3+ 8 3% H P+ 35% 


2. Give a mixed numeral for each fraction. Use exercise 1. 


a 324 





0 


B3% cise wv 384 &« 81% F& 21% o Usk 
3. Give a mixed numeral for each point a through e. 
1 2 2 
i 1% te; bo% $y 


pew 
t 


40 


41 
E40% 


% 4. Use mixed numerals to give the length of each object. 


: b%o Units 





part of the number is left as a 


fraction: 
ieee O il be lal fib Beh i ib 
Re ee ae Oe 


Using the Exercises _ 
Assign the exercises on page 339 as 
independent work. Emphasize the 
fact that mixed numerals are simply 
fractional numbers written in a new 
way. 

Note that in exercise 3 children 
must identify the fractional segments 


before they can give the mixed 


numeral. Although an improper 
fraction might correctly name the 
points, stress the preference here 
for the use of mixed numerals. 


lerie Ae Neer 18% 
$O@+21% 094814 
K1+81% Pp $+ ¥2% 
12+21% a 
m8+i84 R 


99 




















Using the Ideas 


z 
1 t+ 1% 


3+ 151% 


Exercise 4 is starred. This ques- 
tion is a challenge for the better 
students; however, let any child who 
is interested attempt it. The prob- 
lem in parts A and B is that the child 
must decide how to subdivide the 
units to find a close approximation 
to the lengths of the objects. The 
closest answers are 42 units for 
part A and 10£ units for part B, 
but accept any answers close to 
these, that is, 42, 103, and so on. 


Assignments (page 339) 
Mininum: 1-3. Average: 1-3. 
Maximum: 1-4. 





Follow-up 

To give children practice in identify- 
ing equivalent fractions and mixed 
numerals, prepare a worksheet simi- 
lar to the following. 


How many names in the box are 
equal to the circled number? 


Workbook, page 110 
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PAGES 340-341 
Objective 

Given addition problems involving 
fractions with unlike denominators 
(halves, thirds, and fourths), the child 
will be able to solve the problem by 
applying informal methods. 
Preparation 
It would be helpful to review lowest- 
terms fractions. For example, write 
fractions such as $, 735, 7s, and % 
on the chalkboard. Ask children to 
give the lowest-terms fraction for 
each. 


Investigation 

It would be appropriate to have the 
children work in groups or as part- 
ners for this investigation. Although 
part D is illustrated, watch to see 
that children do not think $+ 4 = 
%. Encourage any who wish to, to use 
the number line or the actual strips 
to check their answers. However, if 
any use the strips remind them to 
think in terms of the same unit as 
that shown in the text. 


340 


@ Let’s find out more about addition. 


Investigating the Ideas 

) 2 
LL a 
| ee 4 
_—£! 





Can you give a whole number or a lowest-terms 
fraction for each of the sums above ?See 


Discussing the Ideas 


1. Can you use the sums you found above, in the order given, 


to help you figure out these sums ? 


2 3 4% 5% 
1344+4=(, 23+4=(, 344+34=(, 444+ 14= Ill 


2. A Explain how to find these two sums. 


ann 
B+ Be 





s Can you use the sums above to help you find these sums ? 


23 + 34 = Ill, 53 + 23 = ill 
6 1% 


Discussion 

Spend ample time discussing the 
children’s results for the investiga- 
tion before proceeding to the dis- 
cussion questions. Throughout the 
discussion, stress the preference for 
giving answers in whole numbers or 
lowest-terms fractions rather than in 
improper fractions or fractions of 
higher terms. For example, 34 + 34 
= 6% would best be written 6%. 
Similarly, we do not write 23 + 34 
= 53 but 22+ 34 = 6. Use other 
examples, but make sure your frac- 
tions have denominators that are 
simple and familiar to the children. 





Naan Fe a a 


Using the Ideas 


1. One Saturday, Jim had 
4 lawns to mow. He mowed 
23 lawns before lunch. 
How many lawns did he 
have left to mow in the 
afternoon ? Solve these 





equations: 
a2b+n=4 1% 
B4-23=n 14 


2. Mrs. Brown baked 5 pies 
for a party. Only 33 pies 
were eaten. How many 
pies were left ? Solve 
these equations: 

a 33+ n=5 1% 
B5-3}= 711% 





3. Jane lived 33 blocks from Sally, and Sally lived 2} blocks from 
school. If Jane walked to Sally’s house and then to school, 
how far did she walk ? Solve this equation: ———> 33 + 21 = n5% 

4. Mrs. White bought a beef roast that weighed 375 kilograms and 
a steak that weighed 22 kilograms. How many kilograms of meat 
did she buy ? Solve this equation: 34+ 2%=nd% 





5. A carpenter cut a board into 
two pieces. One piece was 
2;4, metres long, and the other 
was 13 metres long. How long 
was the board before he cut it ? 
Solve this equation: 
234+1 =n3h 
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lems of their own to present to the 
class either orally or on the chalk- 
board. 


Using the Exercises 

You might choose to treat the prob- 
lems on page 341 orally, working 
through them with the class. Observe 
with the children that the two equa- 
tions given for exercises 1 and 2 show 
the relationship between addition 
and subtraction. Help the children 
use reasoning to solve the problems. 
For example, in exercise 1, we may 
think, “If he mowed another 3 lawn, 
he will have mowed 3 lawns, and 
since 3 + 1 = 4,24 + 14 = 4. From 
this, it is easy to’see that 4 — 24 = 
13.” Following discussion of these 
exercises, if time permits, give the 
children an opportunity to make up 
some fractional-number word prob- 


Assignments (page 341) 


Maximum: 1-5. 


Minimum: 1-4, oral. Average: 1-4. 


Follow-up /‘‘Fraction Wheels’’ 
“Fraction wheels” can help children 
practice finding mixed-numeral 
equivalents for improper fractions. 
To make a pair of these wheels, draw 
a pair of circles with diameters 
approximately 10 centimetres on a 
duplicating master. Divide each cir- 
cle into eight parts, and then draw 
an 8-cm circle within each part, as 
shown. On the wedges of one wheel, 
write improper fractions, and in the 
other, write mixed numerals. Ask 
the children to change the improper 
fractions to mixed numerals and 
Vice versa. 


Change to mixed numerals. 





Fraction Wheels 


Resources for Active Learning 

Mathematics in Modules, 
Addison-Wesley. 

Mathex: Graphing and Probability 
No. 6, “Extensions to Fractions,” 
pp. 9-10, Encyclopaedia Britan- 
nica Publications Ltd. 

Mathex: Numeration No. 7, pupil 
page 45, Encyclopaedia Britannica 
Publications Ltd. 


Be: 


Duplicator Masters, page 60 
Workbook, page 111 
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PAGES 342-343 
Objective 

The child will demonstrate his 
ability to work with the concepts 
presented in this chapter. 
Preparation 
Review any topics with which the 
children have had difficulty in the 
chapter. In particular, review how 
to associate exactly one number idea 
and one point on the number line 
with a given set of equivalent frac- 
tions. For example, draw on the 
chalkboard a number line divided 
into sixths. Mark certain points and 
ask children to name these points. 
Remind them that a whole set of 
equivalent fractions matches each 
of these points, and when feasible 
have them write out the first few 
members for such a_ set. For 
example: 


<—_2—__0__0—__0—_@__@_o__e oe 


0 4 B 
1a 2e7S) . 4: 
ANG @ 63 By 50 
er instar Oat Goes 
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A 


c For each set of equivalent fractions, we think of 


. Give the missing words. 


For each set of equivalent fractions, there is one 

__?__ on the number line. point 

For each fractional number, there is one set of __ ?__ fractions, 
equivalent 


just one __ ?__ number.fractional 


p Toname a fractional number, we can choose any __ ?__¢raction 
from the set of equivalent fractions. 
—E The__?_____ ?__ fraction is often used to name a fractional number. 
lowest- Ss 


F If two fractions are __ ?__, then they name the sa 


fractional number. 


uUiVva Ent 


ce Each whole number is also a __ ?__ number.fractional 
u_ If two fractions name the same fractional number, 
then they are __ ?__equivalent 


2. Match each set of fractions with a number-line picture. 


A XB ter Ba 3a - - -H2) (1) 

B {h & 8 te - + .$C9) OO sie 

olay 8, mise ee) (3) > a= ae 
D153.) tr areas eee yc) (4) pe ae 
E {8, 1G 3a 3% - . .}(8) (5) re ee 
F {Yo, 30, 30 36 \5) (6) oh - = — ne 
a {h, £ rie eee = 0) (7) > Le 
#48 B .. JA) (8) 5 ee 
1 {6 fe fe da. - }CO) (°) ~ Os | a ri 
J {io fo 30 ao + - -$(3) (10) “Oc... t.. re 
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Discussion 
Have the children do the exercises 
independently. If you use this as a 
test page, you will want to check the 
papers yourself. However, no matter 
how the page is used, you should 
allow time for discussion when the 
children have completed their work. 
Exercise | may be difficult for 
some of the children since children 
sometimes have trouble verbalizing 
ideas even though they understand 
them. However, the children should 
be encouraged to attempt exercise 1, 


- and perhaps even refer to previous 


pages of their text in order to find the 
correct words for the various blanks. 
The children will benefit considerably 


from a discussion of each part of 
exercise 1. 

The Think problem on page 343 
is relatively simple if the children 
begin with Sam and trace the shar- 
ing back to Fred. Let the children 
who solve the problem explain it to 
the others. If no one solves it, guide 
the children through the steps as a 
class activity. For example, say: 
“Sam got half of Ned’s cards. If 
Sam got 6, then Ned must have been 
given 12. If Ned got half of Tom’s 
cards, Tom must have gotten 24 
from Fred. If Tom only got half of 
Fred’s cards, then 2 X 24, or 48, is 
the number of cards Fred started 
with.” 





ee 


ee 


oe 





. Give the missing numerators and denominators. 


ol ae 8 3a 30 IZ 
Ad=fio Dp =b? 09-40 4 =? =H 
= £8 hs NYE (Tgeepuicss, i, 8 
B it= 312 E%= 4% H to = 8 K § = 36 N it = 30 8 
ase tO Wine Qu cf Se & ae Cie? 1S 
ci=Z Fo=§ 1 3= 24 L iP = $50 © io = 50 


. Answer T (true) or F (false). 


as>it vn 2>3T «6 }<hT 
pB34<iF £ §<3F wn #>4T 
ec ¢<9T fF 3>4T 1 3<4T 


. Give a mixed numeral for each sum. 


a5+4548 44+224c¢ 64404 


. Give a lowest-terms fraction or 
a whole number for each sum. 





p 3 
Boewem Ca tae © 4+ 3% 
Bee Oo st Gt or SF t8 


. Give the correct sign (>, =, or <) for each ||}. 


a 3 (lh 32< c §illhi< e 7p lll 3 = @ 24 i 3 = 

8 2 ib 3< > 2 lbs r Thi 6Z> = 32 23 = 
. Give the length of each segment. 

<i: ws, ° . 

EMMMENUR aca 66 he 8 

Eee > SE TS EDGewte ps ee ort © bey nna 

5 eOMwinet Senet GO0Sie Mids 00 Sea GMccedse 8 
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Follow-up 

The class may enjoy working some 
puzzles as recreation at the close of 
the year. Offer some intriguing prob- 
lems in space perception, using 
toothpicks. For example, arrange 24 
toothpicks to form nine squares, as 
illustrated. Ask the children to re- 
move just 4 toothpicks and leave 5 
squares, and to remove 8 toothpicks 
and leave 2 squares. 


Original Square 











One solution: 9 squares to 5 squares. 
Remove toothpicks represented by 
dashed lines. 





One solution: 9 squares to 2 squares. 
Remove toothpicks represented by 
dashed lines. 





Resources for Active Learning 

Mathex: Numeration No. 7, “Puz- 
zles and Games,” pp. 43-45; 
*‘Fraction Dominoes,” p. 46, Ency- 
clopaedia Britannica Publications 
Ltd. 


Workbook, page 112 
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PAGES 344-346 
Objective 

The child will demonstrate his 
ability to work with the concepts indi- 
cated for cumulative review. 


Preparation 
Conduct a review of any algorithms 
with which the children have had 
difficulty in previous parts of the 
text. In particular, you might focus 
attention on finding the total amount 
when notation for money is used. 
You may choose to review the fact 
that the period, or dot, in money 
notation is used to separate the 
dollars from the cents, but avoid 
introducing ideas concerning the 
meaning of the decimal point or the 
relationship of this type of notation 
to fractional-number notation. The 
notation for fractional numbers using 
decimals will be introduced and ex- 
plored in detail in Books 5 and 6. 
For their work with money nota- 
tion at this stage, the children 
should simply remember always to 
line up the dots or periods separating 
the dollars and cents. This practice 
will help to prevent confusion about 
whether they are adding numbers 
that represent cents or numbers that 
represent dollars. Note that we speak 
of finding the total amount or the 
difference in the amounts rather than 
of finding the sum or the difference. 
Addition and subtraction are opera- 
tions reserved for numbers. 
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1. Find the sums and differences. 


a 27+ 58 a5 
B 126 — 59 G7 
c 728 + 6941422 


2. Find the products. 


a 38 x 6228 c 54 x 12648 £ 327 x 619076 621 x 35. I 
B 57 x 8456p 68 x 25n00Fr 438 x 90H 754 185 


3. Find the quotients and remainders. 
a 36+492 c 68+ 417 

B 75= 515 bp 93 + 6i5R3 Fr 436-9 
48R4 


4. Find the total amounts. 








p 3427 + 96 3523 
E 9803 — 2649539 
F 5043 — 2174826 1 


145R3 


Ee 7/28=—=5 6 52+134 1 








c 5043 — 36531390 
H 528 + 367 + 4931388 
6203 — 24563747 


38 G10 
702° 55 


Js 860 x 33 
28 380 


726 + 9T7R89 
H 148 ~ 23%rI0y 343 ~ 389RI 


aA $6.23 B $13.24 c $33.02 pd $ 31.26 —E$ 76.38 
5.37 .67 67.00 5.48 142.50 

6.43 50.83 45.28 126.50 5.78 
$18.03 $64.74 $145.30 $163.24 $224.66 

5. Find the difference of the amounts. 

a $9.28 B $62.80 c $37.86 p $128.16 E $675.24 
5.67 5.43 29.59 54.37 99.98 
$3.61 $57.37 $8.27 $73.79 $575.26 


6. Give the area and re ta for each figure. 


| : ; Ls ie rr 


7. Which is more ? 


A 90 minutes or(2 hours) 


8 (3 daysjor 70 hours 
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Discussion 

“Keeping in Touch” pages 344 to 
346 may be assigned as independent 
work. While checking and discussing 
the answers for the exercises on page 


344, you might have children present. 


chalkboard demonstrations of how 
they worked some of the parts of 
exercises 4 and 5. It would be worth- 
while for the children to see that the 
regrouping involved in work with 
these numbers which represent 
money is the same as that in the 
usual work with addition and 
subtraction. Children may enjoy 
checking their solutions for the short 
story problems on page 345, by 
working in groups of 3 or 4. Prob- 


c 50 weeks or(1 year) 
p 1000 days or years ) 


lems 5 and 6 might challenge many 
of the children. For example, it will 
be hard for them to realize, without 
much thought, that in problem 5 
they must find two numbers whose 
sum is 15 and whose difference is 3. 
After a sufficient period of time, en- 
courage those who are capable to 
share their solutions with the whole 
class. 

As you discuss the chart on page 
346, have the children explain how 
they read the chart in order to deter- 
mine that the airline distance between 
Halifax and Charlottetown is 385 
kilometres. Elicit from the children 
the observation that the row con- 
taining the name Halifax at the left 





Short Stories Vacation. Drove 
447 kilometres 
on first day, 379 
kilometres on 
second day, and 
526 kilometres 
on third day. 
Drove how many 
kilometres ? 1352 


q Found 26 shells on Monday 
and 47 shells on Tuesday. 
Found how many shells ?73 






176 days in school 
year. Spend 45 cents 
for lunch each day. 
How much for lunches ?$79.20 


ea" => 


mt Had 77 cents. Spent 28 cents. Lost 7 cents. How much left ?42 cents 





Played 15 games. 


Won 3 more than were lost. SSS 


No ties. Won how many ?9 
) 27 cats. Twice as many 
kittens as grown Cats. 


How many grown cats ?9 
How many kittens ?18 


J@) Auditorium. 35 rows 
rh of seats. 27 seats 

in each row. 

How many seats ?245 


60 minutes in one hour. 
24 hours in one day. 
7 days in one week. 


How many minutes in one week ? 
10 O80 





Baked 93 cookies for school 
cookie sale. Put 5 in each 

bag. How many bags ? How 

many left over ? 18 bags; 3 left over 





Movie: $1.75. Popcorn: 35¢. 
Paid for brother's movie and 
popcorn too. Paid how much ?$4.20 
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and the column containing the name 
Charlottetown at the top meet at 
385, and this tells them the airline 
distance between Halifax and Char- 
lottetown. Similarly, other airline 
distances are found by looking for 
the intersection of -a_ particular 
column and row. It might be help- 
ful to have the children read some 
more distances from the chart be- 
fore they do the exercises. 

Exercise 6 has been starred simply 
because it involves large numbers. 
Therefore, it is quite possible that 
most children will understand the 
problem, even thoughthey may make 
a mistake in organizing the numbers 
or in performing the two operations 
necessary to find the answer. 


Follow-up 

Your proficient problem-solvers 
would benefit from experiences in 
devising, analyzing, and _ solving 
multistep story problems. Many road 
maps have charts that show distance 
and travel time between major cities. 
These charts are usually constructed 
like the one at the top of page 346. 
(Similar ones may also be found in 
almanacs.) Once children learn to 
read such charts, they can use these, 
and many other kinds of data, to 
make up problems about travel, 
buildings, historic spots, monuments, 
and the like. 


345 


(See pages 344-345 for teaching sug- 
gestions for this page.) 





Airline Distances 










between Charlottetown and 
Halifax is 385 kilometres. 


1. Use the chart to give the airline distances between the following points. 
Montreal and Halifax /20/ —E Charlottetown and St. John’s 7434 
B Toronto and Fredericton/267 + Montreal and St. John’s 250¥ 

c Halifax and Toronto 7740 cs Charlottetown and Fredericton 370 
bd Toronto and Charlottetown439 u St. John’s and Toronto 3029 


> 


2. How much farther is it from Montreal to St. John’s than 
it is from Montreal to Halifax ? 7303 Km 


3. Asalesman flew from Toronto to Charlottetown, then to 
Halifax, and from Halifax back to Toronto. How far did he travel 73744 Am 


4. |f a plane takes 2 hours to fly from Montreal to Charlottetown, 
what is its average speed in kilometres per hour ?5°-¥8 Am/h 


5. An airliner made 7 round trips between Montreal and 
Toronto. How far did it fly 27518 4™ 


6. Is it farther to go from Halifax to Montreal to 
Toronto than it is to go from Halifax to Toronto ?No 


346 


346 





How to Use the Activity Cards 


Do you like to explore things for yourself ? 
These Activity Cards will give you some 
exciting experiences with mathematics. 
Each card presents a different idea for you 


~ to explore. 


Often you will find that a card 


will give you ideas for additional activities 
on your own. 


ACTH 








can y 





WY CARD 1 


In how many different ways 


Make as many different measurements of you 
as you can and make a chart to show the 
information. Here are just a few suggestions: 


Grip strength 


Ou measure yourself ? 


Pulse Length of step 

Height Number of calories used 
Weight Area of bottom of foot 
Arm span Distance you can jump 
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Activity Card 1 

This card is designed as an open- 
ended experience for the children. 
They should be encouraged to search 
for unique things to measure about 
themselves. Some things not men- 
tioned on the card would be breath- 
ing rate, comparisons of such things 
as their waist measurement and their 
neck measurement, or their height as 
compared to their arm span. Their 
lung capacity can be measured by 
blowing into a plastic bag or blow- 
ing up a large balloon. Other 
measurements could be shoe size, 
arm length, span length (span means 
length from the tip of the little 
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finger to the tip of the thumb when 
the hand is outstretched), or cubit 
length (length from the tip of the 
elbow to the tip of the fingers). This 
activity could grow into a year-long 
study of the changes that take place 
in the children. If they were to keep 
an accurate chart recording a num- 
ber of these measurements, they 
could fill in the chart at various times 
throughout the year and thus be 
able to observe the changes in 
themselves. 
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PAGE 348 
Activity Card 2 


This card may require some extra E\G VIMY GARD 2 


explanation from you because the 
children must understand that we are 


thinking of the large figures as being A and B are different 
the same size as each other, and of in 1 way—color. c A "- 





the small figures as being the same A and D are different 

size as each other. This, then, gives in 2 ways—color and size. 

us three different categories for these Aand Fare different ‘e '@ 
objects—size, shape, and color. in 2ways—color and shape. f 
Hence, the figures must differ in at and Wore different ins 

least one way and may differ in as ways—color, size, and shape. 


many as two or three ways. Once the 


children have had a chance to make Maleachar likette one . 
a chart and to fill in as many pieces shown and see how many Fak Se | And Fela 
Ln | 


as they can, an interesting class more pairs you can fill in. 
project would be to make a chart on 
the chalkboard and fill in all possible 
pairs. An extension of this same 
activity can be accomplished by add- 
ing large red and green squares and T WITy ARI 

small red and green squares. This, of NG | G 3 
course, would increase the number 
of entries on the chart considerably. Here is a penny problem: 


How many pennies does it take to make 
Activity Card 3 a stack of pennies as tall as a penny 
The answer to the sample penny standing on edge ? (Guess. Then get some 
problem is either 12 or 13. Twelve poaniesand heck your dices 
pennies stack almost as high as a Can you make a small booklet of penny 
penny on edge, and a stack of 13 is problems and an answer booklet to go with it ? 
just a little greater than a penny on 
edge. Of course, this is probably a 
larger number of pennies than one 
would be likely to guess at first. 
Encourage the children, after they 
have worked with the penny prob- 
lem, to generate a number of such 
problems of their own. At the bot- 
tom of the card are examples of 
some of the ideas that they might 
use for making up their own penny 
problems. Also encourage the chil- 
dren to make up some penny prob- 
lems other than those that are 
suggested on the card. You should 
try to stimulate as much creativity 
as possible in making diagrams and 
designing the book of penny 
problems. 
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ACTIVITY CARW 4 


Suppose you had 36 metres of fence wire. 
Here is one possible pen with 4 square 
corners and a whole number of metres on 
each side that you could make with the wire. 


Can you draw on graph paper all the different 
pens of this type that you could make with 


= 


_ 


the 36 metres of wire 2x17, Z2xl@, 3xI5,4x14, 5x13, 


@xI2, 7x11, B8x10,9x9 


Which pen encloses the greatest area? 9x9 
the smallest area? | x17 


ACIVINY CARD 5 


When you fold along a line of symmetry, 
one half exactly matches the other half. 


_ The letter A has 1 line of symmetry. 
The letter H has 2 lines of symmetry. 


Which letters can you cut from old newspaper 


headlines and show, by folding, that they 


have just 1 line of symmetry ?4,8,¢,0,€,K,m,T,u, Tee 


have exactly 2 lines of symmetry ? H,1, 


9 has infinitely many lines of symmetry. 
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Activity Card 4 

The concept involved in this activity 
card involves various rectangular 
geometric figures that have a con- 
stant perimeter but a variable area. 
The children will need graph paper 
for this activity, and they should 
be encouraged to find as many of the 
rectangles as they can. As long as the 
perimeter of the rectangle is held 
constant, the smallest area that can 
be produced is a rectangle 1 by 17, 
and the greatest area that can be 
produced is a square with the dimen- 
sions 9 by 9. 


Activity Card 5 

Cards 5 and 6 concern symmetric 
figures and lines of symmetry. In 
card 5, the children are working with 
letters of the alphabet that have one 
or more lines of symmetry. They will 
be particularly motivated by actually 
cutting large block letters from the 
headlines of newspapers. As follow- 
up, they can make a display of sym- 
metric letters for the bulletin board. 
(It will be helpful if you or the 
children bring to class a number of 
newspapers that have unusually 
large headlines that they can cut out.) 
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Activity Card 6 

The purpose of this card is to provide 
additional experiences in work with 
symmetry. Notice that the instruc- 
tions on the card do not allow for 
rotational symmetry. On this card, 
the child is simply investigating sym- 
metric figures, or, as they are called 
here, “symmetric patterns”—figures 
which have a line of symmetry. 
There are many patterns that children 
can form that will be symmetric 
about a given line. When the children 
discover one of these patterns, you 
should encourage them to draw a 
picture of their result. Sometimes the 
figure will be symmetric about a 
vertical line, as is shown on the 
activity card. At other times, how- 
ever, the figure will be symmetric 
about a horizontal line or about one 
of the diagonals. Also, the figure can 
be put together so that it will have 
more than one line of symmetry. 


Examples of Possibilities 









Horizontal line 
of symmetry 


Diagonal line 
of symmetry 





| 
4 different lines 
of symmetry 


Activity Card 7 

This card involves considerable 
reasoning and strategy in planning 
the various moves. Once the children 
have become familiar with the game 
and have played it for a while, you 
might suggest that they try it with 
other numbers of counters, such as 
10, 11, 12, or 13. Also, rather than 
having them just play at random, 
encourage them to work out specific 
strategies so that if they go first they 
can always win. The most obvious 
way to work out a strategy for this 
game is to start from the end of the 
game. For example, if one thinks 
about the fact that if at any time 
there are just 4, 3, or 2 counters 
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ACTIVITY CARD 6 


Cut out 4 squares of the same size. On each 
square, color two joining edges red and the 
other two joining edges black. 


Here is one way you could place the 

4 squares together to form a large square 
with a symmetric pattern (a pattern that 
can be folded so that one half exactly 
matches the other half). 


How many different symmetric patterns can you make by placing 
the 4 squares together to form a large square ? (Show each one.) 


ACTIVITY CARD 7 


Use 8 counters and try this game 


with a classmate. 


At your turn, you must pick up one, two, 

or three counters. Then your classmate must 
do the same. Whoever picks up the last 
counter loses. 


Can you work out a plan so that if you go 
first, you can always win ? 


when it is his turn, he can clearly 
win, since when there are 4, he can 
pick up three; when there are 3, he 
can pick up 2; and when there are 2 
left, he can pick up 1, thus forcing 
the other player to pick up the last 


counter. Therefore, the game with 8 


counters involves reducing the num- 
ber of counters to 4, 3, or 2 when it is 
his turn to play. Of course, this can 
be done by reducing the original 
number of counters (8 in this game) 
to 5 when it is the other person’s 
turn to play. Therefore, the strategy, 
if it is his turn to play first, would be 
for him to take 3 counters. Then his 
Opponent must take 1, 2, or 3 count- 
ers from the 5 counters, so the total 





left will be 2, 3, or 4. As more 
counters are used to play the game, 
the strategy becomes more compli- 
cated. 


ACTIVIY CARD 8 


Make a spinner like this one. 
Guess how many “reds” you 
will get in 10 spins. Try it. 


Now guess how many “reds” 
you will get in 100 spins. 
Make a table and record 

your results for 100 spins. 


Can you guess how many 
“reds” for 1000 spins ? 


ACTIVI CARD 8 


How many tosses will it take 
you to climb to the roof 
if you follow these rules ? 


[1] If you toss a1 or a 6, go 
down one rung (if you can). 


[2] Go up one rung if you toss 
gan. 4or 5. 


Guess how many tosses. 
Then use a die and try it. 
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Activity Card 8 

This activity card involves some basic 
ideas of probability. Note with the 
children that, since one fourth of the 
circular region is shaded red and 
three fourths is white, one would 
expect on a large number of spins 
to get a reading of three fourths 
whites and one fourth reds. The 
spinner, itself, is relatively easy to 
make and you should encourage the 
children to make their own spinners 
out of heavy paper or cardboard. 
They can do this simply by drawing 
a circle and shading in one fourth of 
it, as is indicated on the card. Then 
by unbending one end of a paper clip 


Paper clip 


and using a thumb tack in thecentre 
of the circle, they can produce the 
spinner. If the children become 
interested in these probability ideas, 
you might encourage them to make 
other spinners, coloring different 
portions of the circular region with 
various colors and guessing how 
many of each color they will get in 
a hundred spins. 


Activity Card 9 

This card involves another interesting 
probability idea. Since the cube has 
6 different faces and the rules of the 
game indicate that you move up on 
4 of the faces, and move down on 2 
of the faces, it becomes a game in 
which, for each 2 jumps up, one 
would expect to have 1 jump down. 
Although it often will not work out 
this way, over a large number of 
tosses, the result turns out to be 2 
up and | down. 


sol 
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Activity Card 10 

This card involves physical manipula- 
tions leading to an understanding of 
fraction concepts. A strip of paper 
50 cm to 75 cm long will give the 
child an opportunity to investigate 
fractions as small as 44- or even I>. 
Simply by careful folding, the chil- 
dren can use a strip of paper cut 
from the long side of an A4 sheet 
and get as small as +4. You might 
find it instructive to have the chil- 
dren label the various regions on 
their strip of paper according to the 
fractional part of the strip repre- 
sented. Specifically, you could have 
them write the fractions 4, 4, 4, 7s, 
... on the strip of paper. 


Activity Card 11 

This activity card involves the idea 
of working with congruent triangles 
and producing other geometric fig- 
ures. Do not belabor the teaching of 
the words “congruent” or “right 
triangle,” but give the children an 
opportunity to say what they think 
these words mean. Some of them will 
possibly know the essential meaning 
from past experiences with geometric 
ideas. Six different figures can be 
formed by following the rules on the 
card: three different isosceles tri- 
angles and three different parallelo- 
grams (one of which is a rectangle). 
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ACTINNY CARD 10 


You can fold a strip of paper once and get halves. 
You can fold one of the halves and get quarters. 
You can fold one of the quarters and get eighths. 


How many folds do you think it would take you to get 128ths ? 
Do you think you can do it ? (You better use a long strip of paper.) 
See how far you can go. 


ACTIVIY CAnd 1 


Trace these two congruent right triangles, 
cut them out, and color them on both sides. 





Here is one way a new figure can be made 
by placing the same-size sides of 
the two triangles together. 





How many other different figures can you 
make in this way from the two triangles ? 
(Draw and name them if you can.) 





attention of the children at this stage. 
1 2 3 4 


ACTIVITY CARD 12 ce 
No z= 


9 10 11 12 
BE 


13 14 15 16 


Some numbers are square and some are 
rectangular but not square. Some numbers 
are neither square nor rectangular. 


Can you color graph paper to show which 
numbers up to 20 are square and which are 
rectangular ? 


The rectangular numbers should 
have more than one row and column. 





~ Rectangular 
(but not square) 17 18 19 20 


Activity Card 13 

Ideally, each child should have his 
own geoboard to work with for the 
best results from this card. It is also 
suggested that you supply ditto sheets 
containing large numbers of 5 x 5 
dot arrays so that the children can 
record and report the results of their 
findings on the geoboard. Also, the 
dot paper can be used instead of the 
geoboard if geoboards are unavail- 
able. Card 13 is not at all difficult 
if the children are not expected to 
find every single length of line seg- 
ment that is possible on the geo- 
board. All the children will be able to 
find some of the line segments simply 
by experimenting with rubber bands 
and connecting them to the various 
pegs or nails on the geoboard. It is 
also important that the children re- 


ACTIVIY CARD 13 


“Line segment” 2 is longer than 

“line segment’ A because the nails (dots) 
of 8 are farther apart than the nails of 4. 
(Use your compass to check this.) 


How many different lengths of ‘line segments” can you find 
on the geoboard and draw on dot paper? !* 
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Activity Card 12 

This card introduces the concept of 
square and rectangular numbers, 
which are also composite numbers if 
they are greater than 1. At the same 
time, this activity identifies the prime 
numbers, in that those numbers 
greater than 1 which are neither 
square nor rectangular are the 
primes. Note the restriction on rec- 
tangular numbers: the rectangular 
numbers, in order to qualify, cannot 
simply be a long string of squares 
having just one row or column. That 
is, they must have more than one 
row and more than one column to 
qualify as a rectangular number. 


You will need to provide the children 
with sheets of graph paper to do this 
activity. Do not belabor the fact that, 
according to our definitions here, the 
numbers 1, 2, and 3 are neither square 
nor rectangular, even though we 
might consider the number 1 square 
since we did not place the restriction 
of more than one row and column 
on the square numbers. The impor- 
tant point is not to allow the children 
to become confused or worried about 
whether or not the number 1 is 
square. Simply point out that we 
prefer to consider 1 square, but 2 and 
3 are not rectangular. The numbers 
2 and 3 are prime, but there is no 
need for you to call this fact to the 


port with a drawing on dot paper the 
various segments they have dis- 
covered. There are 14 different 


lengths of segments possible on the 
geoboard: 


vie 





S53 
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Activity Card 14 

This activity has to do with sym- 
metry and lines of symmetry. On this 
card, the child should be given com- 
plete freedom to cut and investigate 
various kinds of symmetric figures 
that he can produce from folding 
paper and then cutting off pieces of 
the paper. As the card suggests, how- 
ever, the child should begin by pro- 
ducing some of the more common 
geometric figures. 


Activity Card 15 

This card gives children an oppor- 
tunity to explore the frequency with 
which vowels are used. Because of 
the time required for counting the 
letters, you might want to suggest 
that children work in groups to 
gather the data for their graphs. 
If so, you could have the children 
work in groups of five, with each 
child in the group responsible for 
making the count for just one page. 
Then the children in each group 
could combine their data and work 
independently to make their bar 
graphs. Accuracy of the totals in an 
activity like this is not to be expected, 
but the results should yield a bar 
graph having the general proportions 
of that below. 





e i O Uu 


a 
(305) (446) (208) (333) (73) 


It may interest the children to know 
that of a// the letters, consonants and 
vowels, the ten used most frequently 
are, in Order; ¢ 1, 0, a1, i,\7, Ss, h, d. 
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ACTIVI CAno 14 


Fold a piece of paper twice and cut a piece off 
the corner. Then unfold the piece you cut off. 


, <First fold 


Second 
fold > - 


Can you cut off a piece that will unfold 
to be a square ? a rectangle ? a diamond ? 
a four-pointed star ? another interesting figure ? 


ACTIVI CARD 15 


Which one of these letters 
do you think is used most 
in the English language ? 


Use pages 146, 147, 203, 
245, and 293 in this book 
to check your guess. 


Make a bar graph to show your findings. 





ACTIVITY CARD 16 


The area of A is 1, so the area 
of triangle 8 is __? __. % 


The area of ¢ is 2, so the area 
of triangle Dis__? __. | 


Can you find and draw on dot paper a triangle with an area 
of 14?2?374?743?6?28? 


ACTIVITY CARO 17 


Use large ruled graph paper and cut out 


a ‘’5-square field’’ like this. ioe 


How many “’5-square fields” 
of different shapes can you cut 
from your piece of graph paper ? 
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Activity Card 16 

Even though it would be quite dif- 
ficult for the children to find all the 
suggested triangles, most of the chil- 
dren can find some of them. You 
may find it necessary to give some 
instruction to get the children started 
on this card. For example, be sure 
they understand that the area of A 
is 1 so the area of B is half that, or 
one half, and that the area of C is 
2, and hence the area of D is half 
that, or one. It may be helpful to 
have the children work in groups on 
this particular card so that more of 
the triangles can be found. Also, you 
should not expect the children to find 


all the triangles; certainly though, if 
any of them do, they are to be con- 
gratulated. In fact, the children 
should be congratulated and encour- 
aged for any of the triangles that 
they find. The triangles shown here 


Bs 


to! 





are not necessarily unique for the 
area of the figure given. That is, the 
triangle with an area of 2, for ex- 
ample, could well have been a “long 
triangle’ involving a side 4 units, a 
side 1 unit, and then the hypotenuse 
connecting the other two points. 


Activity Card 17 

This card is designed to provide the 
children with an opportunity to work 
with the idea of a constant area that 
may vary in shape and, often, in 
perimeter. Of course, the card could 
easily be extended to such activities as 
finding fields having other numbers 
of squares, such as 6, 7, 8, or 9. 
There is an intentional ambiguity in 
this card: it is not completely clear 
when one should consider two shapes 
as being the same and two shapes as 
being different. Therefore, you will 
need to establish some ground rules 
with the children concerning what is 
meant by figures that are alike and 
figures that are different. 





These should probably be considered the 
same since a 180° rotation matches them. 





These should probably be considered 
different since One must be cut out and 
turned over toachievea perfect matching. 


Although the figures above suggest 
rules, the children should be en- 
couraged to make their own rules 
about “‘alike’’ and “‘different.’’ Also, 
you will need to establish rules such 
as, “One side of each must touch a 
full side of some other square” (the 
squares must not be corner to corner 
since the figure will not “hang to- 
gether” very well this way). 
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More Practice 
Books to Explore A-31 

Glossary A-34 
Tables of Measures A-38 


Index 


For use with page 73 


Give the length of each object to the nearest centimetre. 





Use your ruler to draw segments that have these lengths. 
11. 5 centimetres 12. 13 centimetres 


13. 10+centimetres 14. 54 centimetres 


Reflected answers, Set1: J'/3°' 5 @° 3 13° ee? V37 2-9" 3 





| For use with page 17 | 


Use your centimetre ruler to find ye e Per of each figure. 





Reflected answers, Set 2: J° 15° Y 18 











For use with page 23 


SES ee ouEE Conumeue Ale a hing the area of each region: 











Reflected answers, Set3: J° J/0° JY 3 





A-2 








For use with page 27 


Find the volume of each figure. 


- 








Reflected answers, Set4: J° 15° YJS° 3° 10 


For use with page 37 


Write a numeral for each exercise. 





oe ee Pe aft}. c*) (x eRe. % Po. Wie AR a “4 ot 
dreds, 1 te 





n, and 8 ones 218 
3. 2 tens and 7 ones 27 6. 7 thousands, 4 hundreds, 2 tens, and O ones 


Give the missing digits. 






8. 43 means __4_ tens and _3_ ones. 
9. 629 means _©_ hundreds, _2_ tens, and _?_ ones. 
10. 7585 means _“_ thousands, _2 hundreds, _© tens, and __2_ ones. 








Reflected answers, Set5: J° ev vt vee* Nee 





A-3 





1639 means __'_ thousands, _© hundreds, _2 tens, and _2_ ones. 
6072 means __@ thousands, _° hundreds, 7 tens, and _2 ones. 
36 428 means _2_ ten thousands, _©@ thousands, _4_ hundreds, 
__2 tens, and _©& ones. 


7. 789 201 means _2_ hundred thousands, _& ten thousands, 
__9 thousands, _2_ hundreds, _°_ tens, and __!_ ones. 


OO 


Write the numeral for each exercise. 


NES 











11. Four ten thousands, zero thousands, two hundreds, one ten, 
and six ones 40 2!6 : 

12. Three hundred thousands, five ten thousands, eight thousands, 
zero hundreds, six tens, and zero ones 3258 O60 

13. Eight hundred seventy 870 

14. Four hundred thirty-two 432 

15. Six thousand twenty-one 602! 


Solve the equations. 






18. 7124 =n+ 100 + 20+ 4 7000 
19. 64729 = nm + 4000 + 700 + 20+ 9 GoOO000 
20. 283 657 = n + 80000 + 3000 + 600 + 50 + 7 2090 000 





JO’ Se8ss* Je a* JN 200 
Reflected answers, Set6: J v3}e’ y ¥YOS8* 3 200° 8 e8t* 9B di0° 





A-4 





For use with page 45 


Give the correct sign (< or >) for each THA 





4672 iff 4762 15. 74 383 i 73 833 


5. 
6. 98 677 |) 97 677 16. 69 804 ili) 68 940 
7. 25 340 iflh 25 430 17. 56 236 fill 56 336 
8. 49 674 ii 49 654 18. 42.477 fll) 44 477 
9. 319 487 il) 319 847 19. 25 840 i 25 804 

10. 560 390 iii) 506 390 20. 62 126 ii 61 216 


roe ir = 
Reflected answers, Set7: J! > S¥ <° 3 > ¥<' Wo<' IS <' 


For use with page 49 : 


For each numeral, give the number of thousands. 






SNe ele a 


2. 5252 5 6. 38 773 38 10. 4437 519 4437 14. 886 106 426 886 \0e 
3. 69 414 69 7. 6365326326 11. 61935756193 15. 489 870 018489 870 
4. 97 893 97 $5 791.313 7791 12. 50 992 48250992 16. 427 322 045427 322 





Write the number the heavy black digit stands for. 
















2 =a AA, Ha mone ommny oc ea 95 cec 
5b TOOCO | Zi. 42 66 5000 v4 OZ OO! 


18. 38944900 22. 13697220000 26. 122592500 _—30.: 121 53420000 
19. 81018 80000 23, 6264906000 27. 645777600000 31. 906516900000 


20. 45 872 600 24. 108774100000 28. 473 210!0 32. 628 361 8000 





SJ" 2000 32 80000° Sd +t00000 
Reflected answers, Set8: J° 30° 2® 538° 9 38)° J3° S¥5° JA’ \000' 


A-5 


For use with page 53 


Write the numeral for each part. 


ne oar aL Nar 
more than oO 





4. 1 more than 3 132 679 3 132 @80 

5. 20 more than 17 778 088 17778 108 

6. 3 million more than 25 651 225 28 G5) 225 

7. 1 thousand more than 6 000 575 G 00) 575 

8. 400 thousand more than 790 771 32179) 171 32! 
9. 60 million more than 327 966 151 387 9Ge 151 

0. 700 million more than 221 914 428 92) 914 428 





Reflected answers, Set 9: J° |000020° 3S e@000300° 3° SSa\\ esi 


For use with page 67 | 








2. 12 boys. 8. 4 marbles needed 
5 wear glasses. 5. 15 seeds. to make a dozen in 
How many do not wear Planted 7. the box. How many 
glasses ? 7 How many leftto plant?8 already in the box ?8 
3. 8 puppies. 6. Had 3 goldfish. 9. Had 14¢. Spent 4¢. 
Gave away 3. Bought 6 guppies. Lost 5¢. 
How many left ?5 How many fish now ?92 How much left ?5¢ 





Reflected answers, Set 10: J) J) ¥Y * NV \ 





A-6 





For use with page 63 


Find the sums and differences. 








SCS Cee OMe el: tine 12. 4 -,13.-3 14.0.7 
etl ore = a ae aut ake om 
9 1G = 8 | l lo 


Solve for n. 






me 
4 Re be [ie tet o | 
(= 15 8 


to. 7 > n=12 5-197 10-—-n=64 22.13—5=n 
17.n+6=60 20. n-—9=615 23.n+5=149 26.44+8=n)12 


Fie. 188 neSJ; 4 Sv" 
Reflected answers, Set11: J! it¢° Y 8 3B ve es’ eis MYT 


For use with page 69 


Find the sums. 


rats 2S 307 4. 84 5. 65 6. 78 
+45 +49 +56 +59 +86 +57 
Spee 102 123 143 EY 135 





#3.+ 73 14. 43 ome og 16. 78 472997 18. 54 


67 58 84 68 46 69 
+96 —++84 +93 +87 +97 +75 
236 185 276 235 230 198 





i 400° JS 308 
Reflected answers, Set12: \ /v5* 8 J\8* a JS\* JO JA0° 





A-7 












Vices ASUS bs Fmetoyose} 37 675 


10. 417 


For use with page 73 


Find the sums. 





879 





1Te "629 12: 

+327 +423 +398 +895 +586 +654 
900 9o\ 1O73 1312 IZ15 1533 

13. 4375 14. 4832 15. 5804 16. 3768 17. 6548 
+2765 +6549 +3679 +5954 +7693 
7I40 11 38I 9433 9722 14 241 

18. 34785 19. 53949 20. 64838 21. 85729 22: IG 6th 
+56 427 +49 038 +58 147 +67 256 +76 365 

Fi 2i2 15Z 985 ~ 152982 


[OZ 987 







8796 31. 


3468 

4969 4357 6859 

+3807 +9438 +4307 
14559 22 59) 14.634 


Solve the equations. 


36. 486 + 434+84+7=n 544 
37. n=59+ 39434 41 '42 
38. n= 166 + 85 + 32 2283 

39. 103 + 99 +6 +4=n Zi2 
40. 591+ 544+ 37+ 2=n 684 


IZZ29865 


32. 


8799 33-222 

8365 3961 
+4879 +9726 
22 O44 “15 905 


477 
688 


. n= 157 + 70 +32) 86 2e7 
- 5284+ 304+ 934+ 4=ne55 
. 12+ 409 +53 +3 =a 
. n= 220+ 49 +8 + 75 352 
. n= 28 + 802 + 66 + 7 705 





SA eon 
2 Jeos* 


3Y 3e5° 
oo TOS)" 


38° SS¥T° 
e Jyv33° 


32 908" 
St Jees* 


TA 
Serato” 


YS e88 


se” Jae0° 


Reflected answers, Set 13: !° 900° 3S 8@)° 3° JO\O’ W JJIO° 





A-8 





For use with page 83 


Find the differences. 





7. 462 8. 884 9:08 763 
eao7 — 546 — 268 
275 338 495 








19. 8742 20. 2606 








21. 2388 
30) Ole — 394 
7775 1794 1994 


Sas Awrid@\° 1p. 380°. Je’ Ise: 
Reflected answers, Set 14: J° 80° 





Solve each short story problem. 


846 ipa 572 12. 416 








aia e : 


a 


9438 23. 9563 24. 7436 


—6189 — 3894 28/9 
3249 5669 A557 


WeAse1 e053) Se 


Beet kes Pic C00 4-20 08 © 


For use with page 87 





2. First U.S. Satellite 


launched 1958. 


How many years ago ? 
Answer depends on date solved. 


3. Alexander Graham Bell. 
Born 1847. Died 1922. 


How long ago did he live ? 
Answer depends on date solved. 


Reflected answers, Set 15: J° 22 A692 0/9 ° 


. Prince Edward Island became a 


province in 1873. How 


many years ago ? 
Answer depends on date solved. 


. First human heart transplant done 


by Christian Barnard in 1967. 


How many years ago ? 
Answer depends on date solved. 


t 19 Aesie 


A-9 









| 
i 


For use with page 89 


Find the differences. 





ET 





7. 7286 8. 4431 9. 7048 10. 8283 11. 5344 12. 6842 
— 6824 sels 74 SHER, ai/l4 ~ —3675 — 5469 











462 559 [Osa 509 1609 1373 


Reflected answers, Set16: J° S\* S' 2iA\* 3 Sea* w+ 500° 8 Bd° eC 108 


| For use with page 93 ae 


Find the total amounts. 

















6. $3.64 Tk CATT 8. $9.21 9. $8.82 10. $12.52 
8.76 39.81 oh 48 6.33 3.47 
QS, 2.86 Toston 5.87 6.54 

$21.97 $45.44 $18.67 $21.02 $22.55 


Find the differences in the amounts. 


ge a rae 






Wisse 970 
; et ee! ze 33 8 aus a 








16. $8.65 17. $19.63 18. $38.21 19. $16.54 20. $7.86 
2.39 13.56 29.39 oe 3.96 

$ 6.26 $ 6.07 $ 8.82 $ 8.72 $3.90 
21. $18.31 22. $7.63 23. $23.21 24. $8.79 25. $53.23 
5.49 2.49 7.54 3.94 17.45 
$12.82 $5.14- $15.67 $4.82 ) $ 35.78 





Poestiy’ I eit’ IS etla® IZ ee'ut* Jt 41S Jp ee'sa 
Reflected answers, Set 17: J° 2/000° YS e9\8* 3 @ivvO* ¥ e159 00° 





A-10 





| Set 18 | For use with page 119 | 


Sone 3) the ins 


8. 6+6+6+6+6=n 30 
9.5x6=n30 


3. epee 10. 30 -6 =n24 





4. 15—5=n)0 11. 24-—6=ni8 
5. 10-—5=n5 12. 18-—6=ni12 
6. 5—5=n0 13. 12-6=n6 
wu, 20=—5=nd&z 14.6-—-6=n0 


15. 30-6=n5 


Reflected answers, Set 18: J° 50° Y 50° 8 20° @ 20 


. For use with page 129 


Find the products. 


eee x48 16.1x66 31. 3x 927 46.9x2I6 61. 6x 42 76.5x 15 
a2) Wee) 17. 8x 324 32. 7x 535 47.0x 00 62. 4x 624 77. 1 x 88 


§..3x 39 To sexel tengo, 9 < O54 4850 <S0 63.2 x 5io— 78s 2 xi61i2 
4.7x214 19. 6 x 954 34.8x18 49.3 x72) 64.4x 28 79. 6 x 530 
5. 5x 525 20.2x 24 35. 5 x 945 50. 1x77 65. 8 x 4322 80. 3 x 13 
Peon oO te). 2 x S16 -305-4°x 532 (51:46 x Z1Z 66. 7.321 -81..1 xi33 
7 
8 





mau 520 22. 4 x 312 37. 2x12 52. 7x00 G67. 9 x 545 82. 6 x 16 
me 25,02 < ({4 3S. 7 x 856 53. 9 x 327 68. 9 x 98! 83. 5 x 2I0 
9. 9x 763 24. 3x 618 39. 8x 972 54.4x 14 69.2x 3G 84. 8 x 864 
10. 7 x 428 25. 3 x 824 40. 8 x 216 55.5 x00 70. 9 x 872 85. 8 x 540 
11. 6x 3i6 26.9x19 41.3x5I5 56. 8 x 756 71. 4x00 86. 9 x 436 
Teo onore sl 22 42,°5.< 630-572 1 x 55. 72. 4.x 936.87..7 «963 
13. 7 x 749 28. 2x 918 43. 7 x 642 58. 3x26 73. 6 x 636 88. 3 x 412 
14. 6 x 848 29. 4x 416 44. 5 x 420 59.9x00 74. 6 x 424 89. 5x 315 
15. 5 x 7325 30. 4x 728 45. 9 x 654 60.1x1! 75.0x 10 90. 6 x 00 





JOsumeeev\ 0  OCl--9s CS SV o.\O7r 2c lye S 
Reflected answers, Set19: !° 8 5 3° Je e@* JN SW’ 34° SAS. 35° 32° 





A-11 


For use with page 132 | 


Solve each short story problem. 











2. Field mouse: 15 centimetres. 5. Dan: 9 years old. 


Beaver: 5 times as long. Tom: twice as old. 
How long ? 7¢em How old ? ja 
3. 7 kilometres to Albany. 6. Dolphin: 6 metres long. 
9 times as far to Mumford. Killer whale: 3 times as long. 
How far to Mumford ? 63 km How long ? (8 m 


Reflected answers, Set 20: J Jecw* g¢° Je pjocKe 


For use with page 135 


Solve the equations. 











5. 8xn=486 17. nx 5 =153 . 29. nx 5=102 
6. 48 =8=nG 18. 15=5=n3 30. 10—-5=n2 
7. 1>Sb = 459 19337 <9. 637 31 .nx See 
8. 45—-5=n9 20. 63 =9=n7 32.12 =3=n4 
9. nix4 =205 2108 salt AT 33...nox 42-267 
10. 20=-n=45 22.14=-2=n7 34. 28 —~4=n7 
11. nx 8= 648 23. nx 7=355 35. xsSe— ae 
12. 64—-8=n2e 24. 35 =7=n5 36. 72 ~8=n9 





J2@" 0° @ (S82 Boe SCG Siw esos 
Reflected answers, Set 21: J°' \° Y \' 3 @* v¥ e@* J3°8° Jt 8 





A-12 





For use with page 137 





40-85 21. 16 = 28 38. 54-69 £55. 56~78 72.4+-14 


4. 

5§.18+3° 22. 24-64 39.6—2 5 56. 2— 2! 73. 7=7 ! 
6. 72 — 89 23. 35-75 40. 6-6! 57. 32-45 74.14+27 
7. 42+7°2 24. 54—96 41.3=15 58. 15-35 75. 25-55 
8. 12 +43 25. 30 = 65 42.15—-5> 59.64=88 76. 18+2? 
ae ent <4 26. 35 = 57 43.24—-8%5 60. 24-42 77.10+2° 
f0,12=34 .-27.4-22 44.81-99 61. 72—98 78. 12 + 64 
11. 8=1 8 28. 40-58% 45.4-—4'! 62. 0=9° 79. 28 ~ 74 
12.48-86 29.0+-1° 46. 20-54 63.1=1'! $0. 9-9! 
13. 45 — 59 Oar 1 7 47. 16 + 84 64. 45=-95 £81. 63+7° 
14. 32+84 31.48-68 48. 3=3! 65. 8-24 82. 42-67 
Loo — 5 | 32. 21-37 49.20-45 66.9+-33 83. 56 = 8 / 
16.16—-44 33. 27=39 50. 36 ~— 49 67.63+97 £84. 36-66 
17-14 =72  34.12=2¢ 51.6=16 68.18=92 85. 20-45 


Ree to ON Sf Pa ey iT “Ye e020" 3 0 
Reflected answers, Set 22: !|.2) 3S 3° 35° J8 S* Ja A’ SO S* 


For use with page 147 


Solve each story problem. 





4. 8 donuts per box. 5. 9teams.5 players 6. 54 pieces of candy. 
8 boxes. How many on each team. 9 children. 
donuts ? 64 How many players ?45 How many pieces per child ? © 


Reflected answers, Set 23: J) S/° SY 2° 3 5 


A-13 





For use with page 159 | 


Find the products. 


Wace 


1. 5 x 40200 8. Bx 
| 8 x 60480 9. 50 x 
4 x 70280 10. 6 x 8004897, 
8 x 90 72011. 700 x 7490018. 
40 x 832012. 5 x 50 250 19. 
20 x 9!80 13. 300 x 51500 20. 
80 x 5400 14, 





70 x 8 560 
600 x 63600 
4 x 3001200 
800 x 86400 
700 x 42800 


5 x 900450031. 
9x 908I0 32. 
4 x 4001600 33. 
6 x 500 300034. 
900 x 3270035. 


7 x 50350 24. 
600 x 74200 25. 
9 x 30270 26. 
70 x 7490 27. 
2x 70140 21. 8 x 2001600 28. 


alee SAD dat Ke ee 


Solve each short story problem. 
36. 9 fields. 


700 plants per field. 
How many plants ? 6300 


37. 8 pages. 
300 words per page. 
How many words ? 2400 


J eto” ye Pe00* SS NOOO’ S3° 200° SO ¥S0° 30° C30 
Reflected answers, Set 24: J° 500° SY ¥80* 8 SvO0* 9a 20° 


set 2! For use with page 167 


Solve the equations. 
“Al nx 5=250 50 "40 nx 
2. nx 5 = 2500 500 ae ne 









3: 11 X-6'=480 780 12.%n x*3)==900%9°e 21. n x 8 = 3200 400 
4. n x 6 = 4800 800 13: 1°%28:=9/ 20,76 22. n x 600 = 12002 
5. nx 3 =6,5075o 14. n x 5 = 4000 800 23. n x 9 = 540 GO 
6. n*x-3'="7500 Soc 15. n x 6 = 3600 60° 24. n x 400 = 28007 
7. nx 4= 160 40 16. n x 5 = 4500 9700 25., nx 50 = 300% 
8. n x 9 = 3600 400 17. n X20¢=n180,9 26. n x 70 = 560 8 
9M Nn Br=72 70 Pe 18. n x 70 = 350 5 27... 1-X. 3007 232100m 
Reflected answers, Set 25: J° 20° 10°, 300° - SbaeXO evel Ointe beSOn 


>> 200; 





A-14 








For use with page 163 


Find the quotients. 

1, 160 = 440 4. 360 +490 7. 90+330 10. 140+720 13. 180 + 603 
2. 270 +390 5. 200+ 450 8. 180 +920 11. 360 + 660 14. 270 + 903 
3. 210 +370 6. 630+970 9. 120+ 2¢0 12. 560 + 870 15. 140 + 207 


Find the quotients. 
16. -5)25050 19. 6)1 20 ZO 22. 6)42070 #825. 90)7208 28. 30)150 5 


17. 2)18090 20. 7)28040 23. 2)14079° 26. 40)240e6 29. 40)320 8 
18. 2)10050 21. 7)63090 24. 90)450 5 27. 8)640 80 += 30. 70)5608 


Solve each short story problem. 


31. 360 apples. 32. 490 bricks. 
9 boxes. How many 70 bricks in each layer. 
apples in each box ?40 How many layers ? 7 


Pome SS? AO 73528°°6 SSP 
Reflected answers, Set 26: J) ¢O v¥ 90° 30° JO SO* 43° 3° Je B0° 


se For use with page 165 


Find the products. 


ah 50 x 5025004. 40 x 208007. 50 x 30150010. 50 x 4002000013. 20 x 200 4000 


2. 60 x 503000 5. 60 x 905400 8. 40 x 80320011. 80 x 200100014. 70 x 50035 000 
3. 30 x 80200 6. 20 x 30600 9. 90 x 90810012. 60 x 8004800015. 40 x 60024000 


Find the quotients. 

16. 50)4000 go 19. 60)240040 22. 40)280070 25. 50)450090 28. 40)1200 30 
17. 90)54006° 20. 20)160080 23. 50)100020 26. 80)480060 29. 70)420060 
18. 70)350050 21. 30)60020 24. 80)320040 27. 30)120040 30. 80)720090 


Veo. = to wo. Ss NO 32500 - 33°330 
Reflected answers, Set 27: !°°-S200* vt 800° A’ J200° J0° S0000° 13° t000° 


A-15 


For use with page 175 









aes Z10 1 1> 
be ak ri Ae US ee 

3. 93 x 545° 8. 22 x 36° 13. 83 x 52400018. 47 x 33'500 23, 698 x 32100 
4. 67 x 428° 9, 38 x 520914. 69 x 56420019. 28 x 82240024. 4 x 9333600 
5. 54 x 2100 10. 8 x 91729 15. 82 x 29240020. 54 x 56300025. 7 x 5193500 


Estimate each answer. 


26. 12 eggs make 1 dozen. 28. 16 children in 1 bus. 

How many eggs in 8 dozen ? 80 How many children in 14 buses ? 200 
27. 52 weeks in 1 year. 29. Pens: 89¢ each. 

How many weeks in 6 years ? 300 How much for 28 pens ?$27.00 





JJ’ 2Pe00* JS J800' Je PYOO* JA eYOO’ SJ° t500° SS YO000 
Reflected answers, Set 28: J° 350° S 320° e@ SvYO* YY SJO° 


For use with page 177 


Estimate each quotient. 


Be 








3. 6)431 7° 7. 4)2967° 11. 3)1645°9 15. 2)17509°90 19. 53)608!2 
4. 5)347 7° ~=8. 7/643 9° «=12. 5)396 8° =: 16. 4)3190 80° §=20. 38)1574 


Estimate each answer. 


21. 318 chairs. 8 rows. 22. 274 books. 9 boxes. 
How many chairs in each row ? 40 How many books in each box ?5° 





E32 SOOM IS SOO ee \ es ae oe 
Reflected answers, Set 29: !° 50° 35 J00° ® 80° e@ \O* 93 380° JO 80° 





A-16 


For use with page 183 . 


Solve the equations. 





5 x 29 = (5 x 20) + (5 x 9) = 714514. 9 x 61 = (9 x 60) + (9 xX 1) = 7 549 
G9 221 — (6-0 20) + (6004) = nize 15. Sx 57 = (3&«50) 4 (3 x YW) n it 
& xX 35 = (8x30) + (8 x 5) = 128016. 6 x 92 = (6 x 90) + (6 x 2) =n 552 
3 x 82 = (3 x 80) + (3 x 2) = m24el7. 8 x 24 = (8 x 20) + (8 x 4) = rn 192 
Ol 8 7a yO) +2 (5) X23) p= 36518. 7-66 = (7 x 60) + (7 x 6). = n AG2 
Opa doe 0) 1 4) s0G1 9: DO x S7 = (5.x 80) + (5 x 7) =n 435 
10. 4 x 96 = (4 x 90) + (4 x 6) = 38420. 4 x 39 = (4 x 30) + (4 x 9) = rn i506 


no el be 


13° sae 
Reflected answers, Set 30: J) 335° SY ivi’ 3 Sle’ I e00° JS ge’ 


For use with page 185 


Find the products. 





8. 83 9. 76 10. 32 11. 74 =12:, 56 thee. 7 14. 84 


x7 x9 x3 scp x5 x7 x6 
58! 684 26 148 280 5239 504 


Solve the equations. 





f= 1-10 23,7 <2 x6 84 
24.3x8x5=N 120 





Tor ou 4° S="77.180 20.9x5x3=n 135 


toi 4. = nN 96 2126.4 6 X-0.— "1 ZIG 25.9x4x6=n216 
none <6 x 9.=.)1 108 C2 A oexa Oe IT, IZ 26.5 8x0/ 25> = n 175 


Dmtesae oN S\5s 42 5J0. -f0° \O- $3" oY 
Reflected answers, Set 31: /° se’ S' ssg° 3° J08° ¥ 500° 2® Jae° 


A-17 


For use with page 187 | ie. 


Find the products. 








7. 563 8. 8765 9. 406 10. 3120 11. 865 12. 9673 
x2 x9 4 x8 x4 x7 
1126 78 885 i218 24960 2460 67 711 


Find the products. 


2 a4 yg 
= a 






13.3x7x34714 ‘17. 88x 7x 3 1806 40 
14. 6x 9x 15 Bio 18. 46 x 9 x 3 1242 22. 8x 4x 21672 
15. 7 xo24ex 4° Crs 19. 3 x 94 x 9 2538 23. 73 x 2 x.6676 
16. 4 x 42 x 5 B40 20. 5 x 4 x 61 1220 24. 4 x 43 x 71204 





2.530). .@° JN\3I0°. 13° Alt’ IN” $808. Sie sae 
Reflected answers, Set 32: J° 8\0° S JiO¢° 3° S¥8OY° Y¥ JO8et 


For use with page 197 | 


Find the products. 










_ 
































Te aw! 8. 45 Oa 37, 10. 64 4 ha PAs) 12.Ree 
x 20 x 50 x 60 x 90 a O80 x30 
“1740 2250 2220 5760 6320 1410 

13. 56 14. 35 15. 93 16. 52 17. 74 18.) 23 
x 40 x20 x70 x 50 x 60 x 90 
2240 700 GS5IO 2600 4440 2070 


2’ 1890° ee AS80 
Reflected answers, Set 33: J° 3/50° S s¥30' 3° J800° ¥ 3a50° 
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| For use with page 193 


Find the products. 









































1 ig oped 2a 57 S29E LO 4. 18 Soo 6. 56 i eae hs} 
roses x25 x27 x71 x 62 x 43 x 54 
782 1425 513 \278 2418 2408 4050 
8. 36 9. 45 10. 15 1 i celle a 12. 68 13. 59 14. 41 
x 45 x 98 x 66 x 59 x18 oy x 26 
16ZO AAIO 990 4543 i224 4543 lOGG 
15. 425 16. 173 1 ea ts! 18. 423 19. 561 20. 789 dy Wl este 
32 x 46 x57 x 38 x 94 x 62 Ser 
{2 GOO 1958 I2Z2426 IG o74 52 734 AB 918 24353 
22. 185 23. 936 24. 421 25. 507 26. 683 27. 590 28. 789 
75 x 68 x 56 x 49 x 34 x28 x 87 
58 875 63648 23576 24 843 23222 16520 68 G4 
2 Sv/S8* e SvTO8* L\’ t020 
Reflected answers, Set 34: /!° \85° SY J¥S2° 3° 3° + ISA" 


Solve each short story problem. 
1. 46 bags. 25 kilograms of 4. 


potatoes in each bag. 
How many kilograms of potatoes ?) | So 


2. 28 books. 5. 


| For use with page 197 


Drove 60 kilometres 
per hour for 12 hours. 
Drove how many km ? 


71Z0 


14 classes. 
32 students in each class. 
How many students? 448 


88 pages in each book. 
How many pages in all? 2464 


3. .14 crates. 6 
86 oranges in each crate. 
How many oranges in all? \Z04 


. 31 days in May. 

24 hours in each day. 

How many hours in May ? 744 
1120° 


Reflected answers, Set 35: J +? 400 
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, For use with page 199 . 


Find the products. 








09 8. 378 9. 466 10. 394 tis 530 12.-- 925 














etsy x95 x 376 x 485 ; x297 x 634 

6! G83 35910 I752I6 191 090 (72 260 586 450 
13. 648 14. 647 15. 852 16. 739 175 awet39 18. 820 
x 705 x 192 x 380 x 478 x 637 x 445 


456 840 124224 323 760 353 242 88 543 364900 









5A 
Va 





20. 4x 7x 6 x 5 840 25. 46 x 9 x 3 1242 30. 31 x 57_x 4 


, 68 
21. bi 4.x Gx 9080 26. 463 x 8 x 622224 Siz 59] x 32 Xue 
22.6x7x5x 4840 27. 9 x 595 x 7 37485 32. OG. ia Xe4 
23. 8 x 3 x 266 6384 28. 341 x 2 x 53410 SSeS eae Xe93 


TPS 4358" “2° QS IS2°"“e SIS SN 10 elise oN Soe sO ae odie au 
Reflected answers, Set 36: J° S¥323' YS 2583 3° 32335" 


For use with page 200 | 


Solve each short story problem. 





ae ness a 
2. 1000 grams—1 kilogram. 4. 104 passengers per plane. 
56 kilograms. 32 planes. 
How many grams? 56 000 How many passengers 7. 





Reflected answers, Set 37: J° J\02° 3° Ja35 
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For use with page 225 


Find the largest whole number that will make each sentence true. 
Then find the quotient. 





8:8R5 
3. n x 8 < 50 > 8)50¢6;6Rz2 8. nx 9 < 60> 9)60¢6;6R6 
4.nx3<19—3)19 6; oR! 9. nx 6 < 22 >6)223;3R4 
5. nx 6 < 51 >6)51 8:8R3 10. nx 4<19>4)194;4R3 


Find the quotients and the remainders. 









12. 4)338R1 15. 9)839R2 18. 3)268R2 21. 6)528R4 24. 5)3206Rz 
13. 7)517R2 16. 5)336R3 19. 8)465RO 22. 7)375Rz2 25. 8)490R! 





woes. ett 5.6%. \ 1/\° 8 BS. SO. eK3 33° 8 Ba 
Reflected answers, Set 38: J!° ¢°:tH3* 3 2 2H3' e 8:8HuS* \ 88 be* 


For use with page 229 


Find the quotients and remainders. 








11. 4)9323R! 12. 9)45650Re 13. 2)10954R! 14. 3)14749 15. 4)1674123 
16. 7)88'2R4+ 17. 7)4636°R! 18. 8)43654R4 19. 4)27869RZ 20. 8)36545R5 
21. 5)97'9R2Z 22. 6)3786> 23. 9)6437'R4+ 24. 8)734971RO 25. 5)342 o8R2 


Pe ds be* e Jt B3* \ CP BO’ 8° 8! HO’ Oo A! BY J0° OYKY 
Reflected answers, Set 39: J° 3) BJ* 35 3YB!* 3° 8) BS* v¥ 3Y BS* 
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C | For use with page 2317 





Find the quotients and remainders. Check each answer. 








T4RG 93R3 ne Bae 
1. 9)672 5. 8)747 9. 6)168 — 2 ah 
A5R2 G5RAL a pees ee 
2. 8)362 6. 5)429 10. 9)168 14. 7)461 18. 3)287 
74R2 73 R4 25R2 99R2 AORI 
3. 5)372 7. 6)442 11, AV77 15. 6)596 19. 8)321 
43 RI 66R6 6eR8 7TOR3 BBRI 
4. 6)259 8. 8)534 12. 9)602 16. 4)307 20. 7)617 


Solve each short story problem. Check each answer. 


21. 374 bottles. 22. 212 tomato plants. 
6 bottles in each carton. 4 rows. How many plants 
How many cartons ? ©4 in each row ? 52 


Reflected answers, Set 40: |° \¥ Ke* ® 03 B3° 9a° 58° JI3°: 8¥B1* IJIN YORI 





Find the average of the numbers in each set. 








F Ma ae “ 
7, oy 1- 
oO s}5 4 

see? <n 


1. {5,3,10}© 5. {8,7,9,4}7 9. {26, 35, 29330 13. 19,7,8,3 






2. {84,3} 5 6. {7,9,9,15}!9 10. {80,73,30}©! 14. 12,15, 11, 10}'2 
3. (11,9, 739 7. {23,31}27 11. {47,56, 23}42 15. {78, 45, 99, 26362 
4. {6,4,83}° 8. {56,72} ©4 12. {94,88,37}73 16. {87, 70, 32, 52, 54359 


Solve each short story problem. 


17. John 28 kilograms, Joe 32 kilograms, 18. Dart scores: 26, 34, 21 
Jim 33 kilograms. What is their Average score ? 2/ 
average weight ? 3! 





Reflected answers, Set 41: J) °* @ \* 9 30° J3 \ 
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For use with page 235 


From the set {100, 200, 300 .. .}, find the largest number that will 
make the sentence true. 






5B nx 9< : 7 5 100 
2. n x 4 < 1820 — 4)182040° 6. n x 5 < 4831 > 5)483170°0 
3. n x 6 < 4933 > 6)4933 80° 7. n x 8 < 6558 > 8)655880° 
feet oe 22223) 2222700 So x4 = 2524 4) 2521200 


Find each quotient and remainder. 


























~S50RI © oo SER 

)2 : 25 7)4376 
663 RS % 590R2 

10. 8)5307 14. 8)5946 18. 9)3929 22. 6)4836 26. 6)3542 
337 7OORS 396 R2 941 RS 792 R24 

lee?) 2309 15. 9)6308 19. 4)1586 23. 8)7534 27. 5)3964 
836R2 754 [000 RB 940R2 686 RZ 








12. 4)3346 16. 6)4524 20. 5)5003 24. 9)8463 28. 4)2746 


JN ASI BI” SJ’ PPOK)* Se-eS2 BI 
Reflected answers, Set 42: J° 300° ® \00* 9 YOeHS* J3° evs He°* 


| For use with page 247 


Find each quotient and remainder. 












mers ee ee HORSE “941 

2. 40)210 6. 50)1630 10. 60)5818 14. 40)3772 
GRD> 325 R27 46rR50 ZIOR2I 

3. 90)543 7. 40)1427 11. 90)4190 15. 80)2341 
TRI 57RS OoSR27 84-R1] 

4. 70)499 8. 80)4563 12. 70)4437 16. 50)4211 


Reflected answers, Set 43: J); @HS0 2® \2HSO0° O SA HKSS* J3° +d 
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For use with page 243 


Find the quotients and remainders. 





7 RAI 5R47 lo8R22  - TIR3S 16RZB0 
3. 52)413 8. 54)317 13. 26)4390 18. 58)4153 23. 84)6414 


IRS! 4R27 T5R9 T7 RIT 2ZeRS 


4. 48)463 9: 61)271 14. 37)2784 19. 42)3251 24. 61)1591 


8R7 7R52 8BRZ 49 R2I 73 R20 
5627) 223 10. 89)675 15. 44)3874 20. 23)1148 25. 36)2648 











Solve each short story problem. 


26. 12in1 dozen. 27. 24 hours—1 day. 
364 eggs. 534 hours. 
How many dozen eggs? 3° How many days ? 22 


JJ) 82 Bt* gS \OBYO’ Je S8Hee* J\' 30K2S5* SY St BIT’ SS 25 be 
Reflected answers, Set 44: |° @BSO* 3S @ KIO’ e 8BIe* \N 2BS2° 


For use with page 245 y 


Solve each short story problem. 








2. 52 weeks—1 year. 4. 8 tires per airplane. 
208 weeks. 464 tires. 
How many years? + How many airplanes ? 5& 





Reflected answers, Set 45: |J° tO° 3° 8 
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For use with page 255 


SOON Be ht ee DR GRAY aa Yap F9a2asra 
_ist the factors of 24. \,2,3,4,6,8, 


‘1224 










2. List the factors of 16. 1,2,4,8,16 6. List the factors of 28.12 471426 

3. List the factors of 18. 1,2,3,6,9,18 7. List the factors of 30. 1,2,3,5, 6,10,15,30 

4. List the factors of 20. |,2,4,5,10,20 8. List the factors of 36.;234 6,9, 
12,18, 36 


Use your answers for 1-8 to answer the following questions. 





11. List the common factors of 24 and 30. 1,2,3,6 

12. What is the greatest common factor of 24 and 30? ~& 
13. List the common factors of 20 and 28. 12,4 

14. What is the greatest common factor of 20 and 28? 4 
15. List the common factors of 24 and 36.;2,3 46,12 
16. What is the greatest common factor of 24 and 36? \2 


ess 10. t 
Reflected answers, Set 46: J°)/°3:2 1/2) @IVS3LTes iS St 


For use with page 259 


Tell whether each number is prime or not prime. 













20D ., 12 71 
SI No 19. 11 Yes 


Pe Silos qliar ke 


Fe es > Die aa me 2 mgt tae Fae | 11s) Ss ey E- | am oe 4 4 


BeeeMas 4. 69No 6. 27No 8. 37ye5 10.:51 ny, 


a 


Write an equation to show that each number is the product of prime numbers. 






yy 
x 
> 
N 
x 
N 
x 
J 
N 
x 
Y 
a 


33°38 =3x<Ja° S22 tO=Sx*3S5x5xKP 

weesa 5s yo XX 10 350C— 3S *~I3 SI BSH S*KS*S* SxS 
Vous ~) 9 vor binue~ JJ vor buwe* Jg° buwe* jo sy =3 x \ 
Reflected answers, Set 47: J° Dilws* 3° vor biiwe* p° vor bilwe 
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‘a For use with page 267 


What fraction is suggested by each of these ? 





ses eae pele rae al 7 cuDe aT 
LN oeuretd & eat Beemer mee Pp Pewee Pe ay 
2. 9out of 11 %, 5. 5outof 8 % 8. 12 out of 13% 


3. 2 out of 17 37, 6. 13 out of 14'% 9. 7 out of 10%, 


Write a fraction for each number-pair story. 


10. 15 cookies in the cookie jar. 11. 7 cars in the parking lot. 
Sue ate 2 of them. 3 are blue. What fraction 
What fraction of the cookies of the cars are blue 03, 


did she eat ? Ze 


Reflected answers, Set 48: J) °° °° Va 


| For use with page 275 


| 
| 











. 


Pe ae WN 
7 


Oo 


fiorinns ake 
t* ans y , 
6 


Ce, 


: 





“loo 
Ww 
4) 

tes 
Dio 
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— 
| For use with page 277 


Find the next three fractions for each set of equivalent fractions. 


Deg = bale | i Ss 1S |: i md j Ss 1 
1. {8, 10 i6 -- a 40 > 45? 80 5. {fr 22 3 PZ a> “5,” %o 
246 Se Ous os 
2. 3.65» F 9'%e> 4 6. {3,14 31 -. t'%, 3, '&, 
eco 6. . aE YAS 
3. 15, 18, 27, we ek Zs ee {10 20 30 - - Ae ens he 
fee ee ee ar Z 14 21 28 35 
A. {5, io 15- Sesh Gg 3 45’ 40 8. {8 16 54--- 3 52? Ao a 
Reflected answers, Set50: J) 92 °° BS 
For use with page 289 
Tell whether or not the two fractions are equivalent. 
1. 8, 3BNo | 3. 2, 3 Yes 5D. $2 No 7. to: eves 9. 2. ot Yes 
3 5 15 3 24 Z 48 aoe 
2. i aaNo 4. 3,°6 Yes 6. 3, T6 Yes 8. &, 42 No 10. 5, 3No 
Find the lowest-terms fraction in each set of equivalent fractions. 
0 35 5 10 45 s64 16 32 48 818 
11. {83,33 @ to sat % 16. {22, 14, 38 43 
ekos OE 7 28 63 49 14 
12. Bh. i 16’ 56 8 2 %, 17. 4 16" 36 28° gt 4 
ieae-10.4 20 50 25 aon 40 
13. {%, §, 43 is, Sot 2% 18. {i &, °S. 7 Bs 
25 50 5 15 35 16 8 64 72 48 
14. {8, Tio, Tr 33 77) 11 19. {36, 5, a0 457 308 Se 
7. 63 42 56 35 10 60 20 515 
15. {75, 85, 26) 86 408 5 20. {33,4 34 BB 2 
Give the lowest-terms fraction for each fraction. 
9 16 4 9 8 6 
22. +3 % 24. 33% 26. 35%, 28. $5 24 30. 18% 
fr $* ie 3 
Reflected answers, Set 51: J° Yo’ 3° Ace‘ p vo’ \ As2* @Q Ase’ 
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For use with page 323 





Give the lowest-terms fraction for the point over the arrow. 





5p wcond 4 
Beart Pee 





e% 


Reflected answers, Set52: J) 2° y = VFB gle 


For use with page 325 : ) 


Find the missing numerators and denominators. 








= Wl 8. 7=4t 13. 7 = |! 18. 7 =}! 


Shed 
4. 8=4s 9. = 4! 14. &=he 19. =" 
5. f=! 10. P= We 15. $=! 20. 18 = We 





ESs507 sat Ca oe Noe 
Reflected answers, Set 53: J/)5° SS’ es MAY WN 2 
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For use with page 337 


Write the symbol (<, =, >) for each il. 





iil 3 


6. pi 3 10. 3 ily 2 


2. Sith 3 14. Sill 2 18. 
3. Sib 7. daft 3 11. dif = 15. All 2 19. Billy 4 
4. 3s 8 goifihs 12. Fat = 16. Zit = 20. Zl 48 


‘ 


Reflected answers, Set 54: J° = 2 Lome a Ni 


For use with page 337 


Give the missing numerators and denominators. 


<a 8 Say 






aN 


x 


2.2= fs 6. 12=‘fPs3 10.4=;3 14.4=7 
3.7 = N42 Tape eo 11. 8 = 32, 15. 2=6. 
4. 3= tte 8. 9 = 4. 12. 10. = 9p. 16.2=48 





33. 


18: 444\40.% 23.4+4+44% 28. 2+44'% 7 +3746 
19.$+2 % 24. 3 + 33% 29.7+37% 34.3451, 
20. 2+4'% 25. P+ 4'% 30. 8+23'% 35.5 ee 
21 +2 '% 26.9+39% 31. 4+2% 36. 2+ 27% 
FeCeeaT dip 3S: OS 

Reflected answers, Set 55: J!) 8° 2 35° 9° 9° IZ ¥5° INS 
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For use with page 339 | Aaa 


Give the mixed numeral for each sum. 








2.343 1% 7.32 + § 5% 12. 15+ 21% 17. $4374 
3. +5 3% 8. 13+ 8 13% 13. 2+33% 18. 3+%3% 
4.7+3 7% 9.3+ § 1% 14. 34 33% 19. 5 + 55% 
5. 6+ 3 O% 10. 2422% 15. §+52% 20.24+241% 


ESS RII EE 
a 





22. 2% 

23. 22% 

si 38) ost 53° sy 32" 30° 58° 33° 1E* 3e° 28 
Reflected answers, Set 56: J) ¢> @ SS) yo 2 Je \2° 


For use with page 347 | 


Find each sum. 








Solve each short story problem. 





9. 24 dozen cookies baked. 10. Recipe: + litre milk, 

14 dozen more to bake. ; litre water. 

How many cookies in all ?3.%, dozen How much liquid inall ? 3 /itre 
Reflected answers, Set 57: J° 1° 3° §° @ Forge’ y 32 
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Adler, Irving. The Giant Book of Mathematics. 
New York, Golden Press, 1960. 
(Available from Whitman Golden Ltd., Cambridge, Ontario) 
Have you ever wondered how a tree grows or why a volcano is shaped as it is or what 
makes a card trick work? This colorful book answers these and many other questions, 
through exploring the world of mathematics. You'll find all kinds of exciting ideas about 
numbers and what they mean in our daily lives. Here are just a few of the interesting topics: 
PunatAbeavntian Carmenter sed Oba CUlOK nat ssret dit cekjen +o) delieh sw apelve'v Saw sews. © - 
PemerCMOGaLe Ott Witil a SUCKOGNG @ WELCH «ck ke ce nee ev eu hee deay dae yee 
Nees re MICU UAT LCUEMEY OS Sed COT LLC ER ON ech Lalor a gg 8 6 fk gis uh ng om vgs ya «4-48 
wourcnance of getting’ 2 heads Wnen yOUTOSS Z COINS... ke te te ees 


Hogben, Lancelot. The Wonderful World of Mathematics. 
New York, Doubleday, 1968. 
(Available from Doubleday Publishers, Toronto) 
This book shows that the story of how man became civilized is also the story 
of how mathematics became a science. You will enjoy going back to the time 
of the cave man and finding out how man learned to measure and to count, 
to build and to navigate, to design and to calculate with computers. 
Some topics covered in this book are: 
Se OCMIGIDy OAC NICASUILIos cae Fe Peon, Bey seh Se Covel, Ws’, LS tle... 
RUM TaLOURGINGaSUTOC UO Callie oy irae fect oa aka lela Oe va ws ct tee kas 
OO ORC TES, of git: 2h Phat caster nanan Bele gai ial Sipe alla athe wR bee neta rena mmm NRRRETON 
REECE IRLCC AE IC IRIN Wet rs tie vices see Ales FYE ee oad aes AGUS 
GTR Ce a oe ln ace ene oe a ek oe, ren. a 


Jonas, Arthur. New Ways in Math. 
Englewood Cliffs, New Jersey, Prentice-Hall, Inc., 1962. 
(Available from Prentice-Hall of Canada Ltd., Scarborough, Ontario) 
Cartoons tell the story of mathematics, including sets, probability, and algebra, and make 
this book fun to read. The chapter ‘‘Men in Math’’ on page 62 describes contemporary 
mathematicians, like Einstein and Von Neumann, as well as those from the past, like 
Pythagoras and Archimedes. 
Other chapters you'll probably find exciting include: 
MACH Ge OU TUVG Mier, le pit oe eu cee SIUC ee Se lS... | PR, CS MANS, IQ hey 
i A ee A A a a OS a i ne aa hd a 
Reeeectiat SOULE CHIME Eee Orme Crs oe ee nen ne Menem, nes MD POE ENG OP ee. 
See AICST ATIC DOULOIS? arate. Pe eee ee BYERS PERI ee 
MAGeMHMOUETUINDelomete es Fee n we meee THOS OOO YMA MeN) BION) SUS Ne. 
You may also enjoy reading More New Ways in Math (1964), by Mr. Jonas. 


14 
60 
65 
73 


Af 
36 
45 
50 
61 


24 
31 
45 
50 
57 


Here are some other books you may enjoy: 


Adier, Irving and Ruth. Numerals: New Dresses for Old Numbers. 

New York, The John Day Company, 1964. 

(Longman Canada Ltd., Don Mills, Ont.) 
Several new ways of counting are clearly explained in this little book. The authors tell how 
to change numerals to other bases, then add and multiply; they also explain place value. 


Andrews, F. Emerson. Numbers, Please. 

Boston, Little, Brown and Company, 1961. 

(Little, Brown & Co. (Canada) Ltd., Toronto) 
This book about numbers from base 2 to 12 tells how counting began, how to use 
an abacus, and what decimals mean. You'll learn useful shortcuts in figuring, too. 


Bendick, Jeanne. The First Book of Time. 

New York, Watts, 1963. 

(Grolier Limited, Toronto) 
Excellent pictures help trace the history of time and how we measure it. All kinds of clocks 
are described—from sun dials and water clocks to the atomic clock and clocks in your body. > 


Bendick, Jeanne and Levin, Marcia. Mathematics I/lustrated Dictionary. 

New York, McGraw-Hill, 1965. 

(McGraw-Hill Ryerson, Scarborough, Ontario) 
A handy tool for students. If you need to know about ancient or contemporary mathematicians, 
mathematical terms and definitions, or any facts and figures, use this dictionary. 


Feravolo, Rocco. Wonders of Mathematics. 
New York, Dodd, Mead Book Company, 1963. 
(Dodd, Mead & Co. (Canada) Ltd., Toronto) 
This book uses many activities to develop several bases and number systems. 


Kettlekamp, Larry. Spirals. 
Englewood Cliffs, New Jersey, Prentice-Hall, Inc., 1964. 
(Prentice-Hall of Canada Ltd., Scarborough, Ontario) 

An enjoyable look at spirals—some are in nature, some man-made. 


Leeming, Joseph. Fun with Puzzles. 
Philadelphia, J. B. Lippincott Company, 1946. 
Also available in paperback from Scholastic Book Service, 1966. 
(McClelland & Stewart Ltd., Toronto) 
This book contains more than 200 match, coin, paper-and-pencil, cutout, and word puzzles. 
The answers are all in the back of the book. 
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Massoglia, Elinor. Fun-Time Paper Folding. 

Chicago, Children’s Press, 1959. 

(Scholars Choice Limited, Stratford, Ont.) 
Many kinds of objects and shapes to make. No cutting and pasting as each shape can be 
folded from a single piece of paper. 


Shulman, Alix. Bosley on the Number Line. 
New York, McKay Company, 1970. 
(Musson Book Company, Don Mills, Ontario) 
Here is an adventure story with a mathematical plot, all of which adds up to a fun book. 


Simon, Leonard and Bendick, Jeanne. The Day the Numbers Disappeared. 
New York, McGraw-Hill Book Company, 1963. 
(McGraw-Hill Ryerson, Scarborough, Ontario) 
By taking numbers away from his class, Mr. Dibbs shows why we need numbers in 
everyday life. The Egyptian, Greek, and Roman number marks are traced and compared. 


Sitomer, Mindel and Sitomer, Harry. What /s Symmetry? 
New York, Thomas Y. Crowell, 1970. 
(Fitzhenry & Whiteside Ltd., Don Mills, Ont.) 
Take a tour with a colorful alligator to see the point symmetry in a clover leaf, the plane 
symmetry ina mirror reflection, or the symmetry in the arc of a comet's orbit. 


Steadman, Ralph. The Little Red Computer. 

New York, McGraw-Hill Book Company, 1969. 

(McGraw-Hill Ryerson, Scarborough, Ontario) 
The little red computer dropped out of a robot-instructed school because he could never 
make sense of numbers. Finally, he gets a chance in a space adventure. 


““Wise Owl Books.”’ 

New York, Holt, Rinehart and Winston, 1965. 

(Holt, Rinehart and Winston of Canada Ltd., Toronto) 

A set of 20 books for enjoyable and informative reading. These five have to do with mathematics: 
I’ve Got Your Number, John, by Olive Berg; 

Millions of People, by Thomas Dripdale and John Dunworth; 

Number Patterns Make Sense, by Howard Fehr; 

Dr. Frick and His Fractions, by Henry W. Ford; 

Optical Illusions, by Jack and Robert Strimban. 
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addend Any one of a set of numbers to be added. 
In the equation 4 + 5 = 9, the numbers 4 and 5 
are addends. 

addition An operation that combines a first number 
and a second number to give exactly one number. 
The two numbers are called addends, and the one 
number which is the result of combining the two 
numbers is called the sum of the addends. 

angle Two rays from a single point. 


eee 


approximation One number is an approximation of 
another number if the first number is suitably “close” 
(according to context) to the other number. 

area The area of a closed figure or region is the 
measure of that region as compared to a given 
selected region called the unit, usually a square 
region in the case of area. 

borrow Acommonly used term for the regrouping 
process involved in certain types of subtraction. 


Example: 
48 Or XS 43 
4 
=1 7 1,04 7 alee 
20 6 2 6 


carry A commonly used term for the regrouping 
that is involved in addition. 


Example: 57 50+ 7 
+26 20+ 6 


83 70+ 13 = 83 


centimetre A unit of length. One centimetre is 

ay Metre. 

circumscribed circle A circle is circumscribed 
about a polygon when each vertex of the polygon 
is a point of the circle. In the figure, the circle is 


circumscribed about the triangle. 


circle The set of all points in a plane which are 
a specified distance from a given point called 
the centre or centre point. 


circle 
centre 
point 
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common factor When a number is a factor of two 
different numbers, it is said to be a common factor 
of the two numbers. 

compass A device for drawing models of a circle. 





composite number Any whole number greater 
than 1 that is not prime. 

cone Generally thought of as a right circular cone, 
which is illustrated below. 


congruent figures Figures that have the same 
size and shape. 


congruent triangles 


co-ordinate Number pair used in graphing. 

co-ordinate axes Twonumber lines intersecting at 
right angles at O. 

count To name numbers in regular succession. 

cube A rectangular prism (box) such that all faces 
are squares. 

denominator The number indicated by the numeral 
below the line in a fraction symbol. 

diagonal A segment joining two nonadjacent 
vertices of a polygon. In the figure, the diagonal 
is segment AB. 


A B 


diameter A chord that passes through the centre 
point of the circle. 


centre 
A B 


difference The number resulting from the 
subtraction operation. 

digits The basic Hindu-Arabic symbols used to 
write numerals. In the base-ten system, these are 
the digits 0, 1, 2, 3, 4, 5, 6, 7, 8, 9. 

dividend Inthe problem 33 = 7, 33 is called 
the dividend. 


4 


Example: 7)33<dividend 
28 
5 


division An operation related to multiplication as 
illustrated: 


12 = 3 
hea 
12=4 


divisor Inthe problem 33 = 7, 7 is called the 
divisor. 


4 


3 


Example: ~e 
divisor >7)33 

28 

5 


edge An edge of a space figure is one of the 
segments making up any one of the faces of the 
space figure. 

empty set A set that has no objects in it. 

equality (equals; or =) A mathematical relation of 
being exactly the same. 

equation A mathematical sentence involving the 
use of the equality symbol. 

Examples:5 + 4=9°77+ ()=8:n+3 = 7. 

equivalent fractions Two fractions are equivalent 
when it can be shown that they each can be used 
to represent the same amount of a given object. 
Also, two fractions are equivalent if these two 
products are the same: 


03 ><"6) — 4x 6 —> 24 
peters. sbi 5, 


equivalent sets Two sets that may be placed in a 
one-to-one correspondence. 

estimate To find an approximation for a given 
number. (Sometimes a sum, a product, etc.) 

even numbers’ The whole-number multiples of 2 
(Om2n4 1628 A10 m2 0er9)). 

face The face of a given space figure is any one of 
the plane geometric figures (regions) making up 
the space figure. For example, in a cube each of 
the square regions is a face of the cube. 

factor See multiplication. The equation 6 x 7 = 42 
illustrates that both 6 and 7 are factors of 42. 

fraction A symbol for a fractional number, usually 


written , and so on. 


, 


Alw 
NI- 


ay 


fractional number The one number we think about 
for each set of equivalent fractions. 

graph (1) A-set of points associated with a given 
set of numbers or set of number pairs. (2) A picture 
used to illustrate a given collection of data. The 
data might be pictured in the form of a bar graph, 
a circle graph, a line graph, or a pictograph. (3) To 
draw the graph of. 

greater than (>) One of the two basic inequality 
relations. 


Examples: 8 > 5, 28 > 25, 80 > 50. 


greatest common factor The largest, or greatest, 
number that is a factor of each of two numbers. 
grouping principle (associative principle) When 
adding (or multiplying) three numbers, you can 
change the grouping and the sum (or product) 
is the same. 
Examples: 2 + (8 + 6) 
3 x (4 x 2) 
hexagon A six-sided polygon. 
hypotenuse The side opposite the right angle in a 
right triangle. 


(2-18) 46 
(3 x 4) x 2 


hypotenuse 


improper fraction A fraction in which the 
numerator is greater than or equal to the 
denominator. 

ey 

Examples: ve 


¢ , 


9127 
56 3°7 


inequality (<, ~, >) In arithmetic, a relation 
indicating that the two numbers are not the same. 

inscribed circle A circle is said to be inscribed in a 
polygon if the circle lies within the polygon and 
each side of the polygon is tangent to the circle. 


legs of aright triangle The two sides of a right 
triangle other than the hypotenuse. 


legs 


length (1) A number indicating the measure of one 
line segment with respect to another line segment, 
called the unit. (2) Sometimes used to denote one 
dimension (usually the greater) of a rectangle. 

less than (<) One of the two basic inequality 
relations. 

Examples: 5 < 8, 25 < 28, 50 < 80. 

line A line is a set of points that ‘“goes on and 
on” in both directions. There is only one line 
through any two points. 

line segment See segment. 
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lower terms A first fraction is in lower terms than a 
second fraction if the first fraction is equivalent to 
the second fraction and if the denominator of the 
first fraction is less than the denominator of the 
second fraction. 


E eee in lower terms than s 
xamples= is in lower 17 


lowest terms A fraction is in lowest terms if the 
numerator and denominator of the fraction have no 
common factor greater than 1. 

measure (1) A number indicating the relation 
between a given object and a suitable unit. (2) The 
process of finding the number described in (1). 

midpoint A point that divides a line segment into 
two parts of the same size. 


midpoint —~_ 





minus (—) Used to indicate the subtraction 
operation, as in 7 — 3 = 4 (read, ‘7 minus 3 
equals 4”). 

mixed numerals Symbols such as 25 and 34. 


multiple A first number is a multiple of a second 
number if there is a whole number that multiplies 
by the second number to give the first number. 
Example: 24 is a multiple of 6 since 4 x 6 = 24. 

multiplication An operation that combines a first 
number and a second number to give exactly one 
number. The two numbers are called factors, and 
the one number which is a result of combining the 
two numbers is called the product of the two 
numbers. 

multiplication-addition principle (distributive 
principle) This principle is sometimes described 
in terms of “breaking apart” a number before 
multiplying. 
Example: 6 x (20 + 4) = (6 x 20) + (6 x 4) 

negative number If a number adds to a whole 
number to give 0, it is a negative number. 


For example: 5+ 5=0 
US) Ss sae) = 0) 


number line A line with a subset of its points 
matched with a subset of the real numbers. We 
say that the rational number line has “‘holes”’ in it 
because some points are not matched with rational 
numbers. The real number line is said to be 
“complete” because each point is matched with 
some real number. 


—_—_———— O_O OO 
0 1 2 3 aay... 
The number line 
————_— 
Pee 2 mt 0 1 2 3 ee 
The integer number line 





—9 ~ spe 124 3 2 1 
Pio ale yi ne! tN aga PEA eh. 


The rational number line 
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number pair Any pair of numbers. In this book, 
usually a pair of whole numbers. : 
numeral A symbol for a number. 
numerator The number indicated by the numeral 
above the line in a fraction symbol. 
odd number Any whole number that is not even. 
one principle (for multiplication) Any number 
multiplied by 1 is that same number. 
One-to-one correspondence A one-to-one 
correspondence exists between two sets when the 
elements of one can be matched with the elements 
of the other in such a way that each element of the 
first set is matched with exactly one element of the 
second set and each element of the second set is 
matched with exactly one element of the first set. 
order principle (commutative principle) When 
adding (or multiplying) two numbers, the order of 
the addends (or factors) does not affect the sum (or 
product). 
Examples: 4 +5=5 + 
BD Se Bh Se SY Ss 
parallel lines Two lines which lie in 
and do not intersect. 
parallelogram A quadrilateral with its opposite 
sides parallel. 
parentheses A pair of curved symbols, (_ ), used 
to indicate grouping or order of performing 
operations. 


the same plane 


18 
10 


Examples: (5 x 4) — 2 
5 x (4— 2) 
pentagon A five-sided polygon. 
perfect number A number that is half the sum of 
its factors. 


Examples: 6, 28, and 496. 
perimeter The sum of the lengths of the sides of a 
given polygon. 
period In arithmetic, each set of three digits is 
called a period. These periods are called (right to 
left) units’ period, thousands’ period, millions’ 
period, and so on. 


Example: 3 4 2 674 208 
millions’ thousands’ units’ 
period period period 


place value A system used for writing numerals for 
numbers, using only a definite number of symbols 
or digits. In the numeral 3257 the 5 stands for 50; 
in the numeral 36 289 the 6 stands for 6000. 

plus (+) Used to indicate the addition operation, as 
in4 + 3 = 7 (read, “4 plus 3 equals 7’). 

polygon A closed geometric figure made up of 
line segments. 

prime number A number greater than 1 whose 
only factors are itself and 1. 

product. The result of the multiplication operation. 
In 6 x 7 = 42, 42 is the product of 6 and 7. 

quadrilateral A four-sided polygon. 

quotient The number (other than the remainder) 
that is the result of the division operation. It may be 
thought of as a factor in a multiplication equation. 


radius (1) Any segment from the centre point toa 
point on the circle. (2) The distance from the centre 
point to any point on the circle. 


B 


ray The heavy part of the line shows a ray. 
line 





— Ss 


ray 


rectangle A quadrilateral that has four right angles. 
regrouping A method of handling place value 
symbols in adding or subtracting numbers. 
remainder: 
Example: 6 
7)47 
42 
5 <——— remainder 


repeated addition Finding the sum of a set of 
numbers, each of which is the.same. 


Example:5+5+4+5+4+5 


repeated subtraction Starting with a number and 
repeatedly subtracting the same given number from 
each difference that is obtained. 

rhombus A parallelogram with 4 sides of the same 
size. 

right angle An angle that has the measure of 90 
degrees. 


90 


a right angle 


right triangle A triangle that has one right angle. 

Roman numerals’ Numerals used by the Romans. 
Used primarily to record numbers rather than for 
computing. Examples: IV, IX, XIV. 

segment Two points on a line and all the points on 
that line that are between the two points. 

sequence A collection or set of numbers given in a 
specific order. Such numbers are commonly given 
according to some rule or pattern. 

set A group or collection of objects. 

simple closed curve Can be thought of as a loop 
of string that is on a flat surface and does 
not cross itself. 


skip count To count by multiples of a given number. 
Example: Counting by fives — 0, 5,10, 15, 20,... 

solution The number or numbers which result from 
solving an equation or a given problem. 

solve To find the number or numbers which, when 
substituted for the variable or placeholder, make 
a given equation true. 

square A quadrilateral that has four right angles 
and four sides that are the same length. 

subtraction An operation related to addition as 
illustrated : 


15—8 
i SS Ree 
(oan 
sum The result obtained by adding any set of 
numbers. 
symmetric figure A figure that can be folded in 
half so the two halves match. 
tangent A line is tangent to a circle if the two 


figures are in one plane and have exactly one 
point in common. 


i 


A 


B Line AB is tangent 
to the circle 
at point C, 


times (x) Used to indicate the multiplication 
Operation, asin 3 x 4 = 12 (read, “3 times 4 
equals 12’). 

triangle A three-sided polygon. 

triangular pyramid A 4-sided space figure that 
has triangular regions for all faces. 





unit An amount or quantity adopted as a standard 
of measurement. 

vertex The point that the two rays of an angle 
have in common. 


vertex 


volume The measure, obtained using an appropriate 
unit (usually a cube), of the interior region of a 
space figure. 
whole number Any number in the set 
ORO RAR a6 i SOMO teal 2, Iori 4 racra te 
zero principle (for addition) Any number added 
to zero is that same number. 
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Tables of Measures 


10 millimetres (mm) 1 centimetre (cm) 1000 millimetres 1 metre 
10 centimetres 1 decimetre (dm) 100 centimetres 1 metre 
10 decimetres = 1 metre (m) 10 decimetres 1 metre 


1000 metres = 1 kilometre (km) 1/1000 kilometres = 1 metre 


60 seconds (s) = 1 minute (min) 52 weeks = 1 year (yr) 
60 minutes = 1 hour (h) 12 months (mo) = 1 year 
24 hours = 1 day 365 days = 1 year 


7 days = 1 week (wk) 366 days = 1 leap year 


CAPACITY 


10 millilitres (ml) 1 centilitre (cl) 
10 centilitres = 1 decilitre (dl) 
10 decilitres= 1 litre (/ 


1000 litres = 1 kilolitre (kl) 


WEIGHT 


1000 grams (g) = 1 kilogram (kg) 


1000 kilograms = 1 tonne 
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A 


Addends (missing), 58 
Addition 
column, 69 
estimation, 172 
facts, 62 
fractional numbers, 334, 340 
grouping principle, 66 
inverse of, 58 
money problems, 76, 92 
and multiplication, 118 
magic square, 70 
multiplication principle, 124, 182 
number line, 59 
order principle, 66 
rearrangement, 66 
regrouping in, 66, 68 
writing and solving problems, 60 
2-digit sums, 68 
3-digit sums, 72 
zero principle, 66 
Angles, 102 
Area 
finding, 21 
fractional numbers, 24 
introduction to, 20 
of a rectangle, 22 
of a square, 20 
of a triangle, 20-21 
Array, 116 
Average, 232 


B 


Blocks, 34 


G 


Centimetre 
ruler, 6, 9 
square, 6, 25 
Checking 
equivalent fractions, 286 
quotients, 230 
Circles 
diameter and radius, 208 
inscribed, 213 
and points, 208 


and tangents, 212 
point finder, 208 
Column addition, 69 
Common factors and greatest common factor, 
254 
Composite numbers, 259 
Cone, 206 
Congruent figures, 214 
Co-ordinates, 296 
Cross products, 286 
Cube 
patterns for, 98, 100 
volume, 26 
Cylinder, 206 


D 


Denominator of a fraction, 278 
Difference, 172 
Division 
dividend, 222 
divisor, 116, 222 
2-digit divisors, 242 
estimating quotients, 176, 224 
finding and checking quotients, 230 
finding quotients by subtraction, 220 
and multiplication, 116 
multiples of ten as divisors, 240 
quotients and missing factors, 134, 162 
quotients and remainders, 222 
3-digit quotients, 234 
and sets, 117, 138 
and subtraction, 118 
zero and one, 136 


3 


Edge 
of a cube, 98 
of a pyramid, 106 
Equivalent fractions 
checking, 286 
introduction, 272 
and fractional numbers, 318, 324 
sets of, 274, 276 
Estimation 
of length, 8 
multiples of ten and one hundred, 171 
perimeter, 14 
products, 174 
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of quotients, 176, 224 
sums and differences, 172 


Even numbers, 250 


[- 


Face 


of a cube, 98 
of a pyramid, 106 


Factor(s) 


common and greatest common, 254 
finding, 135 

missing, 134, 160 

and products, 134, 252 

2-digit, 158, 164, 184 

two 2-digit, 190, 192 

3- and 4-digit, 186 

two 3-digit, 198 


Fractional numbers 


addition, 334, 340 

equality, 318, 324 

greater than one, 328 

in area, 24 

inequalities, 330 

introduction, 318 

measurement, 10, 12, 316, 328 
names for, 322 

number line, 319, 332 

whole numbers, 336 


Fractions 


Function machine, 64, 144, 145, 253, 258, 310, 338 


G 


cross products to check equivalence, 286 


equivalent, 272 

improper, 284 

lowest terms, 288 

and number pairs, 262, 264 
numerator and denominator, 278 
and fractional numbers, 318 

and sets, 270 

sets, equivalent, 274, 276 

zero numerators, 284 


Geoboard, 266 
Geometry 


circles and points, 208 
circles and tangents, 212 
cones, 206 

congruent figures, 214 
and symmetry, 112, 216 
co-ordinates, 296 
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cube, 98-103 

cylinders, 206 

graphing figures, 300 

graphing functions, 310 

graphing negative numbers, 312 

graphing number pairs, 296 

graphing symmetric figures, 302 

inscribed circles, 213 

parallel lines or segments, 104 

point finder and circle, 208 

simple closed curves, 108, 110 

triangular pyramid, 106 
Graphing 

figures, 300 

functions, 310 

negative numbers, 312 

number pairs, 296 

symmetric figures, 302 
Greatest common factor, 254 
Grouping principle 

for addition, 66 

for multiplication, 158 


Improper fractions, 284 
Inequalities 
fractional numbers, 330 
place value, 4 
Inscribed circle, 213 
Inverse 
addition and subtraction, 58 
multiplication and division, 116 


K 


Kilogram, 295 
Kilometre, 9 


‘ 


Layers, 34 
Length 
estimating, 8 
estimating perimeter, 14 
finding, 4-15 
measuring to find perimeter, 16 
Liquid measure, 28 
Litre, 28 
Lowest terms for fractions, 288 


M 


Magic square, 70 
Measurement 
centimetre, metre, kilometre, 9 
converting units, 30 
estimating length, 8 
estimating perimeter, 14 
finding length, 4-15 
finding volume, 26 
fractional numbers, 10, 12, 316 
centimetre ruler, 6 
length, area, volume, 33 
liquid, 28 
to find perimeter, 16 
Metre, 9 
Million, 50 
Mixed numerals, 338 
Money 
adding, 76, 92 
subtraction, 92 
Multiples 
of ten and one hundred in estimation, 171 
of ten as divisors, 240 
of ten, one hundred, one thousand, 156 
Multiplication 
and addition, 118 
addition principle, 124, 182 
algorithm, 184 
common factors, 254 
and division, 116 
estimating products, 174 
and factors, 116 
finding factors, 135 
facts, 126-131 
greatest common factor, 254 
grouping principle, 158 
missing factors, 134, 160 
order principle, 122 
and pairing, 148, 150 
products and factors, 134, 252 
and sets, 117 
2-digit factors, 158, 164, 184 
3- and 4-digit factors, 186 
two 2-digit factors, 190, 192 
two 3-digit factors, 198 
zero and one, 122 


N 


Negative numbers, graphing, 312 
Numbers 

even and odd, 250 

negative (graphing), 312 


prime, 256 

subtraction (2-digit), 82 

subtraction (3-digit), 82, 88 

sums (2-digit), 68 

sums (3-digit), 72 

units, rods, layers and blocks, 34 
Number line 

addition, 59 

fractional numbers, 319, 332 

games, 157 

subtraction, 59 
Number pairs 

and fractions, 262, 264 

graphing, 296 

multiplication and pairing, 150 
Numerals 

2-, 3-, and 4-digit, 36 

4., 5-, and 6-digit, 42 

mixed, 338 

using place value to write, 36 
Numerator of a fraction, 278; zero, 284 


O 


Odd numbers, 250 
One and zero 

in division, 136 

in multiplication, 122 
Order principle 

for addition, 66 

for multiplication, 122 


P 


Pairing and multiplication, 148, 150 
Parallel lines, 104 
Perimeter 
estimating, 14 
measuring, 16 
Place value 
“’Base-Ten Machine’’, 52 
estimation, 40 
greater than, less than, 44 
grouping by tens, 36 
million, 50 
2-, 3-, and 4-digit numerals, 36 
4-, 5-, and 6-digit numerals, 42 
number names to one thousand, 38 
thousands, 40 
units, rods, layers, and blocks, 34 
writing numerals, 36 
Points and circles, 208 
Polygon, 110 
Prime numbers, 256 
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Principle(s) 
grouping, for addition, 66 
grouping, for multiplication, 158 
multiplication-addition, 124, 182 
order, for addition, 66 
order, for multiplication, 122 
Products 
estimating, 174 
and factors, 134, 252 
using principles to find, 158 
Pyramid (triangular), 106 


6) 


Quadrilateral, 110 
Quotients 
estimating, 176, 224 
finding and checking, 230 
and missing factors, 134 
and remainders, 222 
by subtraction, 220 
3-digit, 234 


R 


Ray, 102 
Reasoning, 166 
Rectangle, area of, 22 
Regrouping 
addition, 66, 68 
subtraction, 82, 88 
Right angles, 102 
Ruler, centimetre, 6 


S 


Segment, 102-103, 114 
Sequences, 78 
Sets 

addition and subtraction, 58 

and division, 117, 138 

of equivalent fractions, 274, 276 

and fractions, 270 

and multiplication, 117 
Simple closed curves, 108, 110 
Square 

area, 20 

centimetre, 6, 25 
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Subtraction 

and division, 118 

estimating sums and differences, 172 

facts, 62 

finding quotients, 220 

missing addends, 58 

money problems, 92 

number line, 59 

of 2-digit numbers, 82 

of 3-digit numbers, 82, 88 

regrouping in, 82, 88 

writing and solving problems, 60 
Sums 

estimating, 172 

of 2-digit numbers, 68 

of 3-digit numbers, 72 
Symmetry, 112, 216, 302 


T 


Tangent to a circle, 212 
Thousands, 40 
Triangles, congruent, 214 


U 


Units 
comparing, 9 
converting, 30 
of area, 20 
of length, 4-15 
liquid measure, 28 
of volume, 26 


V 


Vertex 

of a cube, 98 

of a pyramid, 106 
Volume, 26 


Z 


Zero 
in division, 136 
in multiplication, 122 
numerators, 284 
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INVESTIGATING MATHEMATICS LEARNING 


I. Some Thoughts About Learning 

Almost everyone 
has some observations on teaching and learning. A 
recent quote that has been making the rounds is: “If 
we tried to teach children to speak, they would never 
learn.”” However, in The Process of Education (Har- 
vard University Press, 1960), Jerome Bruner ob- 
serves, “Any subject can be taught effectively in some 
intellectually honest form to any child at any stage of 
development.”’ But Linus (of Peanuts cartoon fame), 
considerably less optimistic, laments: “‘How can I 
learn ‘New Math’ with an ‘Old Math’ mind?” 

In a more critical vein, John Holt in How Children 
Fail (Pitman Publishing Co., 1964) asserts: “In our 
classes, we begin with words, carry on with words, 
and often fail to get beyond words.” He also says, 
‘All too often the mathematics classroom becomes a 
temple of worship for the right answers, and the way 
to get ahead is to lay plenty of them on the altar.” We 
know, of course, that many teachers for many years 
have been doing an excellent job helping elementary 
school children learn mathematics. Yet, it is worth-. 
while for us to reevaluate our approaches and, if pos- 
sible, find even better ways to create situations where 
children learn more effectively. 

The implications of the research of Piaget and others 
in how children learn mathematics and the observa- 
tions of countless classroom teachers concerning the 
directions we should take are well summarized by a 
familiar Chinese proverb: 

I hear and I forget. 

I see and I remember. 

I do and I understand. 
The message of this proverb is that hearing and seeing 
are not enough: to learn with understanding, the child 
should experience active involvement with mathemat- 
ical ideas. In order for the child to become actively 
involved, it has been found that the use of physical 
materials which contain the seeds of the mathematical 
ideas are valuable and often necessary. Coupled with 
the idea of active involvement with physical materials 
is the idea that teachers should encourage student re- 
sponsibility and create conditions in which the student 
is not always encouraged to rely solely on the teacher 
but rather to take initiative for figuring out some things 
for himself. 

Z. P. Dienes summarized a multitude of suggestions 
from researchers and teachers when he said: “It is 
suggested that we shift the emphasis from teaching 
to learning, from our experience to the children’s, in 
fact, from our world to their world.” 


Teachers vary considerably in their views of how 
best to help children become actively involved with 
mathematics. While one teacher desires to convert his 
classroom immediately into a mathematics labora- 
tory, another teacher may prefer a very modest begin- 
ning with a limited amount of active student involve- 
ment with physical materials inserted into his usual 
classroom approach. In this text we suggest a number 
of approaches for modest beginnings and indicate 
ways in which these approaches might be expanded 
to provide for a total laboratory approach and a more 
extensive individualized program. 

To introduce one possible approach, let us simulate 
a teaching strategy by outlining one way to organize 
a specific lesson. Thus, suppose a teacher wanted to 
devise a lesson which would help children understand 
the idea of congruent segments in geometry. First the 
teacher provides each child with a geoboard and a 
sheet containing several S5-by-5 arrays of dots. Then 
he reviews, very briefly, the idea of a segment and the 
endpoints of a segment. Next, after helping the chil- 
dren see that they can use a rubber-band around two 
nails to represent a segment on the geoboard, he passes 
out the investigation suggested in Figure 1. 


INVESTIGATION 


How many different 
segments with endpoints just 
as far apart as these can you 


find on your geoboard? 
Record your results on 
dot paper. 





Figure 1 


The teacher may choose to have chairs or desks re- 
arranged so that children can communicate with each 
other as they become involved in the investigation. 
The teacher will check to be sure that everyone under- 
stands the investigation question; then he should en- 
courage the children to find their own way to answer 
the question and record their findings. (To gain a fuller 
appreciation of an investigation situation, play the role 
of the child and complete the investigation yourself.) 

Brief discussions among children or between teacher 
and children may occur during investigations, but the 
main discussion is most effective after the investiga- 
tion has been completed. At this time, the teacher 
might ask such questions as: ‘“‘How many different 
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segments did you find?” ‘“‘How can you be sure that 
you have found all such segments?” ‘“‘How could you 
convince someone that each of your segments has end- 
points just as far apart as all the others?” Such ques- 
tions could then be followed up with a definition of 
congruent segments: When the endpoints of one seg- 
ment are just as far apart as the endpoints of another 
segment, we say the segments are congruent. Then 
ask, “Can you think of some other ways to tell when 
two segments are congruent?’ This question might 
lead into a discussion of how tracing paper, com- 
passes, or marks on the edge of a piece of paper can 
be used to determine whether or not two segments 
are congruent. 

After the children have discussed the ideas, the 
teacher may provide them with some problems which 
utilize these ideas. The child would probably be en- 
couraged to use the ideas for testing congruence of 
segments that were developed in the discussion. The 
following are examples of possible exercises. 


1. Find 2 segments below that are congruent to each 
other. 





2. Name each pair of congruent segments in this 
picture. 


J K 





E G 


One way to individualize a lesson is through an 
extension of the exercises. Extending the exercises 
can provide for remediation, reinforcement, or enrich- 
ment. As an extension to individualize this lesson, the 
teacher might give certain students the follow-up in- 
vestigation below. (For a fuller appreciation of this 
lesson, complete the exercises and the investigation 
yourself.) 


INVESTIGATION 


Segment AB is not 
congruent to segment CD. 
How many different 


segments (no two congruent) 
can you find on your 
geoboard? Record your 
results on dot paper. 





Figure 2 


This abbreviated ‘lesson’ provides a preview of 
one possible technique for encouraging children to 
become actively involved with physical materials in 
situations where they take more responsibility in the 
learning of mathematical ideas. 

In the next section of this text, the parts of lessons 
such as the one described above will be analyzed and 
discussed. An outline for planning such lessons will 
be given, and various suggestions for carrying out each 
part of such a lesson will be proposed. 

Since the investigation phase of the lesson provides 
the encouragement for active involvement by the child 
and since the kind of investigation used depends upon 
the type of learning involved, Section III in this text 
will focus on specific types of learning in elementary 
school mathematics. For example, the “lesson” de- 
scribed above helped children learn the concept of 
congruent segments; other lessons might be concerned 
with developing a skill, forming a generalization, learn- 
ing a fact, or developing an attitude. Each type of 
learning will be analyzed and related to activity- 
oriented lessons that provide modest beginnings 
toward an active approach to mathematics learning. 

Edith Biggs and James MacLean, in their book 
Freedom to Learn (Addison-Wesley, 1969), state: ““A 
few schools scattered throughout the world are re- 
sponding with some speed to a message which has 
been repeated with increasing urgency for some 
three hundred years. It is a simple message: Schools 
should be organized, not for teachers to teach, but for 
children to learn.” In the same book, there appears 
an extensive list of “homemade” materials and de- 
vices that can be easily acquired for use in the mathe- 
matics classroom. Many materials, from newsprint 
and drinking straws, to string, popsicle sticks, beans, 
and homemade geoboards, can be made available to 
children at minimal cost. Rather than dismiss the 
possibility of actively involving children with mate- 
rials in the classroom because no funds are available, 
a teacher should study this list carefully; he may be 
amazed by how much can be done with minimum 
expense. 

Teachers sometimes feel that to involve children 
with physical materials and allow them to communi- 
cate with other children in the classroom is to invite 
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chaos. On the contrary, it has been found that, when 
children really become involved in using materials to 
investigate a situation, there may be a bit more low- 
keyed noise about the room but the usual discipline 
problems are almost nonexistent. It is helpful if there 
are tables available in the classroom so that children 
can work in small groups. If tables are not available, 
desks could be moved to assist in small-group work. 
On occasion, an investigation might call for children 
to leave their desks and to engage in other activity in 
the room. A simple set of ‘‘ground rules” should suf- 
fice to make the situation quite manageable. 

It is interesting to consider the number of elemen- 
tary school teachers who prefer to say that they are 
‘helping children learn mathematics”’ rather than that 
they are ‘‘teaching mathematics.”’ What one says, of 
course, does not always describe accurately what one 
does. It does seem important, however, in the light of 
recent studies and observations about how children 
learn mathematics, to focus on the child and try to 
create an environment in which the child has a greater 
opportunity to make decisions and to become really 
interested in his study. It is hoped that the following 
sections of this teachers’ text will provide some ideas 
which may help you improve your ability to “help 
children learn mathematics.” 


EXERCISE SET 1 

1. What was your reaction to the investigations in this 
section? A Did you become involved in the activ- 
ity? B Were you interested? C Did you watch the 
clock? D Did you talk to anyone else while com- 
pleting the investigation? (If so, was it helpful?) 
E Did the investigation situation help you better 
understand the idea involved? F What other feel- 
ings did you have? 

2. Which quotation in this section seemed most sig- 
nificant to you? Why? 

3. A Do you think most teachers teach the same way 
they were taught as elementary school children? 
B What do they do differently? C What are some 
ways you think our teaching of elementary school 
mathematics might be improved? 

4. Look through the Investigating School Mathe- 
matics text at your grade level. How do the com- 
ments in this first section of the text relate to the 
approach taken in the child’s text? 


II. A Plan for a Learning Experience 


First consider - 


the practical matter of how the teacher proceeds in 
the daily task of helping children learn mathematics. 
A structured outline (inherently flexible) around which 
daily learning experiences may be planned can be a 
valuable organizational aid for the teacher and can 


give him a fresh insight into the role of new approaches 
to instruction. 
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Here is the outline that was used in planning the 
“lesson” in Section I. It has proven to be quite useful, 
especially for those teachers who have desired to 
make a beginning toward providing children more 
opportunities for active involvement with mathemat- 
ical materials and ideas. 


Preparation and Investigation 
Discussion 
Utilization and Extension 


Since this outline offers a variety of possibilities for 
a teacher to reevaluate his approach to classroom 
instruction, the following sections provide an exami- 
nation of its individual elements. 
PREPARATION AND INVESTIGATION 

The investigation phase (often called simply “the 
investigation’) is central to the learning experience. 
In this phase, the children are encouraged to become 
actively involved, individually or in groups, in the 
investigation of a situation that contains the seed for 
the central idea of the lesson. The investigation should 
be the ‘“‘main event” in terms of pupil activity and in- 
volvement. The teacher should think of the investiga- 
tion as a child-centred activity. Completion of the 
investigation in Figure 3 will help clarify the ideas of 
investigation. 


INVESTIGATION 


Can you find an investigation in a text from 
the Investigating School Mathematics series that 


(a) uses centimetre strips? —= 
° InvesTisaTing 
ScHoot 


(b) utilizes paper folding? 

(c) has a question like “‘How many can you 
find?” 

(d) involves the geoboard? 

(e) encourages children to use graph paper? 

(f) asks the children to record their findings? 

(g) directs the children to use reference 
material? 


Marth 





Figure 3 


Homemade or commercially produced manipulative 
materials often provide the stimulus for the situation 
to be investigated. At other times, even more simple 
teacher-devised activities provide this stimulus. For 
example, the suggested investigation in Figure 4 might 
have been made by a teacher to initiate an investiga- 


tion in a lesson designed to help children form the 


generalization, ““You can rearrange three addends any 
way you please, and the sum will always be the same.” 

Sometimes by asking appropriate questions about 
a situation of interest to the children the teacher may 
involve them in an exploration of a central idea to be 
developed. 

Regardless of how an investigation is initiated, a 
teacher should remember that the investigation situa- 
tion is specifically designed to encourage children to 


INVESTIGATION 


Make three slips of paper like these. 


Then turn them over and mix them up. 
Pick any two slips and add the numbers 
on them. Then add the number on the 
other slip. 


If you do this five times, will you 
get the same number each time? 


Figure 4 


take responsibility for the thinking and exploring. Too 
much ‘“‘teacher help” can hinder the achievement of 
these aims. 

In an investigation, it is not uncommon to see chil- 
dren deeply involved and assuming full responsibility 
for completing the task at hand. The teacher, who 
plays a key role in initiating the investigation, may 
appear not to be needed as he moves about the room. 
Occasionally, a brief discussion between teacher and 
child occurs, but most of the larger-group discussion 
occurs after the investigation. The investigation itself 
should embody an attitude toward learning that could 
be easily stifled by too many words from the teacher. 
Perhaps, in an investigation, a new adage should re- 
place the old: the teacher, rather than the children, 
should be “‘seen but not heard.” 

The investigation is predicated on the assumption 
that the best way to minimize the need for words is to 
substitute an appropriate question for a wordy expla- 
nation at a time when a child’s interest in a mathe- 
matical situation is beginning to ripen. 

For example, suppose a certain group of children 
understand the concept of a triangle and are ready to 
consider characteristics that distinguish one type of 
triangle from another. An appropriate question to 
initiate an investigation might be the one shown in 
Figure 5. (Try this investigation yourself.) 


INVESTIGATION 


How many triangles with 
different shapes can you make 
that have no nails inside? 





Figure 5 





This question is both activity-stimulating and activ- 
ity-sustaining. It helps involve the child in a search 
which he will continue with little further motivation. 
Notice also that the answer is not as important as the 
experiences the child will have as he responds to the 
question. Further, the question is sufficiently clear 
that the child immediately becomes involved with the 
challenge of the investigation rather than dissipating 
energy in efforts to understand the question. Another 
characteristic of this type of question is that it provides 
for individual differences: when the child is asked 
“‘“How many can you find?’ he can feel successful 
even if he finds only one. Of course, not all investiga- 
tions can or should be introduced by this type of ques- 
tion, but it is important for the teacher to recognize 
that as the children respond to these questions, they 
will achieve in widely differing ways. In an investiga- 
tion, the teacher should give recognition for all levels 
of achievement. 

It should be noted that the amounts of time used 
for the investigations may vary considerably. One 
investigation may involve a very brief ‘“happening”’ 
which sparks a simple idea within the child. Another 
investigation may utilize a large part of the period of 
time available for the mathematics lesson and might 
involve the child in a sustained exploration of a game 
or a set of manipulative materials. 

To set the stage for an investigation of any duration, 
a preliminary preparation phase is sometimes needed. 
This phase provides for a brief review of key ideas 
needed for the investigation and for any motivational 
activity helpful in introducing it. This phase should be 
kept fairly short and care should be taken to see that 
this preliminary work does not preempt the central 
idea or activities involved in the investigation or the 
work that follows it. 

In summary, the investigation phase is the child- 
involvement phase. It often requires materials, and is 
usually motivated by a carefully selected question 
which focusses the student’s attention on the central 
idea of the lesson. Proper consideration of this phase 
in your lesson planning can be highly rewarding. 


EXERCISE SET 2 

1. Find some investigations in the Investigating 
School Mathematics text that contain features not 
mentioned in Figure 4. 

2. Choose a lesson from an Investigating School 
Mathematics text and write a description of the 
role you think the teacher would play in using the 
investigation phase of the lesson. 

3. Choose an idea to be taught and prepare an inves- 
tigation situation which has the potential of involv - 
ing the child in working with this idea. 

4. Two investigations follow. Give the central idea 
of a possible lesson based on the use of each 
one. 
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INVESTIGATION 


2Ne2\E 


Cut out 7 slips of paper. Put 
one of these numerals or one 
of these signs on each one. 


How many different equations with 3 addends 
can you write with your slips of paper? 
Record each equation you find. 


INVESTIGATION 


The graph paper shows two 
different ways to arrange 12 
counters in a rectangular 
array. 


How many different ways can you arrange 24 
counters in a rectangular array? Record your 
findings by drawing pictures on graph paper. 





5. Here is an interesting investigation you may like to 
try. Through it, you will be introduced to a basic 
idea of mathematics. Be sure to record your find- 
ings and be ready to discuss them further in the 
next section. 








Copy and continue 1 2 RSE 

this array of numbers 5 5 Oneee ee S 

until you reach 52. en si ae 
3} BY AG 

Then circle all the l/h Se 2) 

prime numbers in the 

array. 


Notice that the numbers 

in the right-hand column can be written 
as 4 X (a whole number). 

For example: 8 = 4 X 2, 12 = 4 x 3, 
and 20=4~x 5. 








Can you make a statement about prime numbers 
Lega is suggested by this activity? 





DISCUSSION 

Following the investigation, a discussion phase 
allows teacher and children to further share ideas in a 
discussion of what they found in the investigation. The 
teacher has an excellent opportunity in this phase to 
ask questions and to supply examples to help chil- 
dren further develop their understanding of the ideas 
germinated by the investigation. 
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Another valuable aspect of the discussion phase 
is that it provides additional opportunities for children 
to communicate with other children as a means of 
shaping their ideas. In a good discussion, it is not 
unusual for children, having reached an impasse in 
their thinking and communication about an idea, to 
ask the teacher if he can clarify the point. This is when 
the teacher as a resource person emerges. At other 
times, when ideas new to the teacher arise, the teacher 
participates in the discussion, not as a resource per- 
son, but as a fellow-learner. Both of these situations 
can contribute to a comfortable, meaningful discus- 
sion, but its potential benefits may never be realized 
if the teacher monopolizes the discussion to the extent 
that the children are denied the opportunity to draw 
their own inferences and make their own decisions. 
Since it is the child who is involved in the investiga- 
tion, the child’s ideas about the findings should be of 
primary importance, and the child should supply as 
many details leading to the understanding of the idea 
as possible. 

By listening to the child and asking appropriate 
questions, the teacher can build on the child’s initial 
ideas and help him develop a deeper understanding 
in preparation for further work. This understanding 
cannot be developed, however, by always asking ques- 
tions which require simply that a child remember a fact 
correctly or perform a practical skill. Nor is it suffi- 
cient to ask questions to which a child can respond 
with a guess of ““Yes”’ or “No.” Rather, the questions 
that should be asked often are those that require a 
deeper thinking on the part of the child. 

For examples of the more effective type of ques- 
tion, consider again the investigation described in 
Figure 7. This investigation, designed to set the stage 
for the development of the concepts of isosceles trian- 
gle, right triangle, scalene triangle, and equilateral 
triangle, might be followed by a discussion in which 
the teacher would ask questions such as the following: 


1. Can you choose a pair of triangles you found and 
describe ways in which one is different from 
another? 

2. In what ways are some triangles you found alike? 
(Note: Children may respond, ““Some have a 
square corner,” ““Some have two sides the same,” 
“Some have no sides the same,” ‘‘Some are 
large,’ and so on.) 

3. How would you describe a triangle that is dif- 
ferent from any of the triangles you formed on 
the geoboard? 


As the teacher asks thought-provoking questions 
and listens to the children’s responses, he will be able 
to find ways to clarify the basic idea of the lesson and 
to prepare the children for the independent work 
which is to follow. It is in the latter stages of the dis- 
cussion that the teacher may want to explain more 
carefully, show additional examples, and, in general, 
lead the child to adeeper mastery of the ideas involved. 


EXERCISE SET 3 

1. Can you find a question in the “Discussing the 
Ideas” section of an Jnvestigating School Mathe- 
matics text which A asks the children to recall 
something previously learned? B asks the children 
to restate or explain an idea in their own words? 
C asks the children to interpret a diagram, picture, 
or explanation? D asks the children to analyze a 
given situation? E asks the children to evaluate a 
given situation? 

2. What do you think about the effectiveness of the 
investigation described in Figure 5 as a means of 
meeting the goals indicated? 

3. Write five questions you might ask while conduct- 
ing a discussion in a mathematics lesson of your 
choice. 

4. The following discussion exercises refer to the 
investigation presented in exercise 5 of Exercise 
Set 2. A What statement did you make about prime 
numbers? B Can you find a prime number that does 
not appear in the first or the third column? Can you 
find more than one? C 4 X nis an algebraic expres- 
sion. What algebraic expression can you devise to 
describe the prime numbers in the third column? 
in the first column? D Of the prime numbers less 
than 100, which type of prime occurs more often? 
E 113 is a prime number. Which type of prime is it? 

5. Investigation questions may be open (“In how 
many ways can you measure a ball?’’) or closed 
(“Can you find the circumference and diameter 
of this ball?’’). Discuss the merits of open and 
closed questions. 


UTILIZATION AND EXTENSION 


The utilization phase allows each child to work on 
his own and to use the ideas developed in the investi- 
gation and discussion phases. 

Often children need to practice recalling facts that 
have been developed or introduced in the lesson. 
Appropriate exercises requiring written answers are 
often valuable in providing this practice. 

In another lesson, a child may have learned an 
algorithm or a skill. In order to refine this skill, he may 
need considerable practice using it. Appropriately 
designed written exercises which children complete 
independently can be quite helpful in polishing these 
skills. ; 

In another lesson, a new idea may have been pre- 
sented. In order to become more familiar with this 
idea and to understand how it relates to other ideas, 
the child may need thought-provoking problems which 
involve the idea. The utilization phase presents an 
opportunity for the child to solve problems which 
involve ideas that have been presented previously or 
to look at an idea that is different but closely related to 
one he has already encountered. 

Creative activities for independent work can do 
much to extend the learnings developed in the inves- 


tigation and discussion phases. The utilization exer- 
cises in examples A and B below are sequenced in 
such a way that the child has an opportunity to dis- 
cover a new procedure or new ideas as a result of 
his work. 


EXAMPLE A 

Find the differences. 

eS 2D 15 75 75 75 75 
pil ik, ali yp int dpe ea 
43 42 41 Ii wl mm iM 


EXAMPLE B 





A D B 


What is the area of the region shaded dark gray? 

What is the area of the region shaded light gray? 

What is the area of the two regions together? 

What is the area of triangle ADC ? 

What is the area of triangle BDC ? 

What is the area of triangle ABC ? 

The area of triangle ABC is what part of the entire 
shaded region? 


The teacher should appreciate the great potential 
value of discovery-sequenced exercises such as these, 
and should look for opportunities to make his own 
exercise sets using such sequences. Another set of 
utilization exercises might encourage the child to 
independently delve more deeply into the idea ini- 
tiated in the investigation. Further activities with 
mathematical materials often provide opportunities 
for the child to use and extend the idea of the investi- 
gation. Example C provides an opportunity for the 
child to reinforce his concept of symmetry. 


EXAMPLE C 
Do this to make symmetrical figures. 


Z 


IO) 


a 


Make a cut that 
starts and ends 
on the fold. 


Fold a piece 
of paper. 


Unfold the piece 
you cut out. It 
will be symmetrical. 


1-7 


Make cuts so that the unfolded shape will be: 
A arectangle D a square G a rocket 
B a leaf E a house H a hexagon 
C atriangle F a pumpkin I a butterfly 


Regarding the utilization phase, it should be noted 
that on occasion it may be more valuable to have pairs 
or small groups of children work the exercises to- 
gether. 

Finally, the extension phase provides for use of 
remedial, maintenance, or enrichment activities to 
further individualize the learning opportunities. This 
individualization offers numerous advantages. The 
slower children can avoid the frustration of having to 
proceed to new ideas before the previously presented 
ideas are understood, and the more capable children 
are spared the tedium of completing long lists of drill 
problems involving ideas they already understand. 

The teacher might look for creative ways to meet 
individual differences in the ability to learn mathemat- 
ics. For example, the slower child might profit from 
additional drill on certain facts and skills. Drill tapes 
or audio cassettes made by the teacher might provide 
a novel way to present the necessary practice. Dupli- 
cator masters and commercial workbooks are also 
available to provide extra work for those who need it. 
For other situations, an appropriate programmed in- 
structional unit might serve the needs of the slower 
child. Single-concept film loops, which the child can 
play again and again, often are useful in helping him 
grasp an important concept. Appropriately conceived 
tutorial situations, in which classmates who under- 
stand the ideas work with children who do not, can 
be quite effective. Simple investigations utilizing phys- 
ical objects which clarify more abstract ideas can also 
provide remedial work for certain children. 

The teacher must also be concerned with those chil- 
dren who understand the basic ideas of the lesson and 
who can quickly work all the utilization exercises pro- 
vided. These children can often become quite inter- 
ested in activity cards which contain ‘‘open-ended”’ 
questions, such as the card shown below. (You are 
encouraged to try the suggested activity yourself.) 


ACTIVITY CARD 10 


In how many different ways 
can you measure yourself? 


Make as many different measurements of you 
as you can and make a chart to show the 
information. Here are just a few suggestions: 
Pulse Length of step 

Height Number of calories used 
Weight Area of bottom of foot 
Arm span Distance you can jump 





Activities such as these give the child an oppor- 
tunity to make his own decisions about which ideas 
he uses from the lesson and how he uses them. 

Puzzles or riddles can also provide a useful exten- 
sion of ideas for your children. Consider, for exam- 
ple, those shown in Figure 6. 


Think 


Draw a figure like this one 
on your paper. Place the 
numbers 2, 3, 4, 5, 6, 7, 8, 9, 


10, 11, 12 in the circles so 
that the sum along any line 
is 21. 





Think 


I can be found halfway between 


Twenty-seven and seventeen. ql ? /> 


WHO AM I? 





Figure 6 


Conceptually fertile games can also provide valua- 
ble experiences to supplement the basic lesson. For 
example, the game “‘Sleuth” (3M Company) is fun for 
children and gives them valuable experience in clas- 
sification and drawing logical inferences. 

The methods suggested for extending the ideas for 
slower children are often suitable for use in certain 
situations with more capable children. Similarly, the 
more exciting modes of extension suggested for faster 
children can often be quite stimulating and valuable if 
used appropriately for the slower children. 

It is to be hoped that the teacher will share a sense 
of excitement in providing extra stimulation to broaden 
the mathematical perspective of the children. Perhaps, 
he will also see that much of the extension activity 
can truly be fun for children while at the same time 
inspiring new interest and involvement in mathemat- 
ical ideas. In using this suggested lesson outline, if 
the teacher chooses to maximize the investigation 
phase while deemphasizing the others, it might justly 
be said he is using the laboratory approach. On the 
other hand, should he maximize the discussion phase, 
he may find increased options for a guided discovery 
approach to mathematics learning. Also, it is possible 
that maximization of the utilization phase accompa- 
nied by appropriate student materials would allow 
the teacher to embark on a course of individually pre- 
scribed instruction. 


EXERCISE SET 4 

1. Find an example of an exercise set in which a learn- 
ing sequence occurs in an Investigating School 
Mathematics text. 


2. Choose a mathematics topic and write a set of ex- 
ercises which might lead the student to discovery 
of a central idea. 

3. Can you find a lesson in an Investigating School 
Mathematics text in which the “Using the Ideas”’ 
section provides for varying degrees of student 
ability. 

4. Choose a learning experience appropriate for your 
children and list some possible specific activities 
for use in the extension phase of this learning ex- 
perience. 

5. Describe your views concerning the role of drill 
for slow, average, and bright children. 

6. Select and play a game that could be used to extend 
a lesson with children. 

7. In Exercise Set 2, you investigated an idea of 
mathematics. In Exercise Set 3, you had an oppor- 
tunity to discuss this idea. The exercises below 
enable you to use the idea you learned, and suggest 
an extension of the idea. 


Complete each exercise. 

A List five prime numbers of the “‘4n + 1” type that 
are greater than SO. 

B List five prime numbers of the ““4n — 1” type that 
are greater than 50. 

C 997 is the largest prime number less than 1000. 
Is ita “4n+ 1” or a “4n — 1” prime? 

D Suppose you used a continuation of the array of 
numbers shown below and circled all the prime 
numbers. What does this suggest about another 
way to classify the primes? 


ee tee A NO 
OS ST PON | a TT 4? 
Pa oS 16. 18 
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lif. A Focus on Specific Types of 


Learning 
In considering 
the more specific aspects of mathematics learning it is 
helpful to categorize the general types of things chil- 
dren learn. A simplified categorization is given below. 


Concepts 

Skills 
Generalizations 
Facts 

Attitudes 


It is important to recognize that each of these types 
of learnings has unique characteristics. Because of 
this, the approaches and children’s activities chosen 
to promote these learnings may often be quite differ- 
ent. In the sections that follow, we will consider each 
of these types of learning and suggest possible ap- 
proaches and activities. 


CONCEPTS 

Suppose that a child is having difficulty and comes 
to the teacher for assistance. When the teacher asks 
what the difficulty is, the child points to the multipli- 
cation 9 X 6 and says, “I can’t do this because we 
haven’t had it yet.”’ This reflects a common attitude 
among children who have been in school for a few 
years. Somehow they learn to feel that they are in- 
capable of figuring out anything new in mathematics. 
Literally, they can do nothing that they “haven’t had 
yet.” 

If this child had confidence in his ability to “figure 
something out’’ and had a clear understanding of the 
concept of multiplication, he could have found the 
product by perhaps adding sixes, using sets, or making 
jumps on the number line. Another child who knew 
no division ‘facts’ but who had a clear concept of 
division (as illustrated below) could use his knowledge 
of multiplication to find any of the basic quotients 
desired. 


| a es! eal 
72+8=n < You find this quotient, 
F “FP 
when you find this factor. —~> nX8=72 


A concept, then, may be thought of as an idea 
which, when properly understood, will help the child 
to solve problems he “‘hasn’t had yet,”’ to figure some- 
thing out for himself. As another example, consider 
the concept of prime number. Once a child under- 
stands that a prime number is a whole number with 
exactly two factors, he has the power, providing he 
understands how to find the factors of a number, to 
seek out and list those numbers that are prime. Of 
course, the task of deciding whether or not a given 
number is prime may be quite laborious, but under- 
standing the concept does give the child the power 
to succeed. 

To look more carefully at what concepts are and 
how they are taught, consider a model in which con- 
cept learning is relatively easy, namely, that of a 
set of attribute pieces. Suppose there are pieces of 
four different shapes (triangles, squares, circles, and 
rectangles), of three different colors (red, blue, and 
yellow), and of two different sizes (large and small), 
as pictured in Figure 7. (In the figures the colors red, 
blue, and yellow are denoted by the initials R, B, 
and Y.) 


Amom ALI@OL] 
Awem ZLI@ Le] 


Figure 7 
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Now consider the Concept Card in Figure 8. 






CONCEPT CARD 
All of these are SMAFS. 


fal ; 2s, Bin Lee @ AN 


None of these are SMAFS. 


eee) eas 


Which of these are SMAFS? 


PFlea@Mad A 


Figure 8 







If you study the preceding Concept Card carefully, 
you will develop the simple concept of a SMAF. 
Notice that the key means used to teach this concept 
is by examples, along with non-examples. Both exam- 
ples and non-examples play important roles in teach- 
ing many concepts in mathematics. The concept of a 
triangle may be taught to young children by using the 
Concept Card in Figure 9. 


CONCEPT CARD 


All of these are triangles. 


None of these are triangles. 


Which of these are triangles? 
ss 


Figure 9 


Clearly, the child would need further experiences in 
order to develop fully the concept of triangle, but the 
beginnings are embodied in the Concept Card shown 
in Figure 9. 

One of the important ideas to remember when con- 
sidering concepts is that concepts, unlike some other 
things that children learn, are developed over a period 
of time. Simple concepts may be developed very 
quickly, but other, more complicated concepts must 
be germinated when the child is very young and broad- 
ened through a spiralling return to the concept at 


various stages throughout the child’s development. . 


Many concepts are not fully developed until the child 
becomes an adult and encounters the idea in a variety 
of situations. For example, the concept of a fraction 
or fractional number may be introduced in grade 1 or 
grade 2, but a full understanding of this concept may 
not come until many years later. The child may ac- 
quire only an embryonic idea of a concept the first 


I-10 





time it is presented, so it is important for the teacher 
to recognize the true nature of concepts and be willing 
to return often to the idea and carefully nurture its 
growth within the child. If he does not expect com- 
plete mastery after the initial presentation, he will 
spare himself considerable frustration when he recog- 
nizes later that the child needs further development 
of the basic idea. 

Another key feature of concept learning suggested 
by the experiments of Piaget and supported and ex- 
tended by the theories developed by Z. P. Dienes 
concerns the role of physical manipulative materials 
in young children’s concept learning. In general, the 
implication of these authors’ works is that it is 
through child involvement with physical environment 
that a firm basis for the development of more abstract 
concepts is laid. In fact, it is suggested that concept 
learning is facilitated by exposing children to as many 
different physical situations which embody the con- 
cept as possible. 

It should be recognized that there are different 
levels of concept development and different types of 
concepts within these levels. For example, in the very 
earliest stages of mathematical learning, most concept 
learning involves the concept of physical objects such 
as balls, blocks, and circular or triangular objects. 
Very soon, the concept of certain relations between 
objects is developed: above, below, taller, shorter, 
larger, wider, longer, behind, and so on. A subsequent 
stage involves the concept of a set of objects such as 
a set of golf clubs, a set of dishes, a box of crayons, a 
set of blocks, a collection of stamps, or the children 
in a Classroom. A slightly higher level of concept 
learning involves relations between sets of objects: 
equivalent, equal, has more than, has less than, and 
so on. It is at this stage that the important concept of 
number arises. For, in a sense, the concept of num- 
ber involves a consideration of a set of equivalent 
sets. At a higher level of abstraction, the concept of 
certain relations between numbers (is less than, is 
greater than, is equal to, and so on) is developed. As- 
cending the ladder of abstraction, another level of 
development might involve the concept of sets of 
numbers, such as odds, evens, primes, composites, 
and perfects. 

Clearly, the realm of concepts is vast, and the ele- 
mentary teacher need not concern himself directly 
with many of the types of higher-level concepts. He 
must recognize, however, that the beginning stages 
in the development of many important concepts occur 
in the elementary school and that, through utilization 
of a variety of manipulative materials and appro- 
priate strategies, he can do much to help the children 
learn concepts appropriate for their level. 


EXERCISE SET 5 

1. Use the attribute pieces shown in Figure 13. Invent 
a concept, name it, and make an appropriate con- 
cept card for it. 


2. Choose at least two Investigating School Mathe- 
matics concepts from the list given below and 
develop concept cards which illustrate the use of 
examples and non-examples to teach the concepts 
you have chosen. 

A quadrilateral 

B simple closed curve 

C odd number 

D greater than (the relation) 
E right triangle 

F is congruent to (the relation) 
G lowest-terms fraction 

H parallelogram 

I diagonal of a polygon 

J parallel lines 

K one half 

L isosceles triangle 

M equivalent sets 

N symmetrical figure 

3. Answer the questions on the sets of Creature cards 
from the set of attribute materials published by the 
Webster Division of McGraw-Hill Book Com- 
pany (if available). 

4. Choose an unusual concept of your own invention 
and make a concept card from which a person might 
discover your concept. 

5. The investigation in Figure | was used to teach the 
concept of congruent segments. Make a card to 
teach this concept using examples and non- 
examples. 

6. Complete “‘Learning a Concept” on pages I-18 and 
I-19; then answer the following questions. 

A What are some examples of the concept you 
learned? 

B Give some characteristics of the concept you 
learned. 

C What were your feelings about the lesson? How 
could the lesson be improved to make the learn- 
ing of the concept easier? 


POWER SKILL B 
— Bundles and Grouping 
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POWER SKILL C 
— Expanded Notation 


PRO sa eine 
40+ 8 


OO Toaled 





SKILLS 


Broadly speaking, there are several types of skills 
that children develop in the elementary school. Hope- 
fully, many children will develop a skill in estimating 
distance, weight, capacity, and time. Some teachers 
may wish to help children develop skill in drawing 
geometric figures. Some teachers set goals for upper- 
grade children which include developing skills in 
reasoning and even in “‘proof”’ of simple ideas. In ele- 
mentary mathematics the most fundamental skill, by 
far, is that of computation with whole and rational 
numbers. It is these specific computational skills in- 
volving addition, subtraction, multiplication, and divi- 
sion and the processes related to these operations with 
which we are particularly concerned in the discussion 
that follows. 

Two types of skills, power skills and speed skills, 
are available for completing each arithmetic process. 
A power skill is any effective way to find an answer. 
A speed skill is the most efficient way to find an 
answer. A power skill is a process through which a 
given problem is attacked by means of some tech- 
nique which, though possibly quite inefficient, can 
produce a correct solution. This power skill may 
involve a long, tedious process, one which may be 
totally unrelated to the most efficient method for 
arriving at the solution. On the other hand, when a 
speed skill is employed, the problem is attacked with 
the most efficient technique available, and the prob- 
lem is solved relatively quickly, usually in a mechan- 
ical fashion. 

For example, suppose a child wants to find the sum 
of 27 and 48. If he simply starts at 48 and counts on 
27 more, he is using a power skill. If, however, he 
finds the answer by using the usual algorithm for addi- 
tion, then a speed skill is being employed. 

Two additional points are worth noting about the 
previous example. First, in order to utilize the power 


POWER SKILL D 
— Addition Algorithm with 
Intermediate Step 


27 
sala 
ee 
60 
15 
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Figure 10 


skill, the child needed a clear concept of addition as it 
relates to counting. Thus, a power skill relies on a 
previously learned concept. As the child uses the 
concept in a power-skill situation, he gains new con- 
fidence in his ability to do something he ‘“hasn’t had 
yet.”” Secondly, the teacher should observe the evolu- 
tion from power to speed. In finding the sum of 27 and 
48, the initial power skill involved a basic concept of 
addition and the counting process. In practice, the 
child may continue the evolutionary trek from power 
to speed by next utilizing power skills B, C, and D as 
shown in figure 10. 

Note that each of these power skills represents a 
small step toward the ultimate, more efficient speed 
skill. When considering this process of evolution, it 
should also be noted that the earlier stages in a power- 
skill sequence often involve manipulative materials 
with subsequent power skills exhibiting a transition 
from the concrete to the more abstract. This physical 
beginning, which utilizes bundles and grouping, is 
illustrated as Power Skill B in Figure 10. 

The use of power skill is available to all children. 
The slower child may well attempt the problem by 
the only means he knows, one which may often be 
quite laborious. For example, in finding the quotient 
5863 + 72, the slower child might subtract 1 seventy- 
two at a time until he has reduced the dividend to 
some number less than seventy-two. The more able 
and creative child might tire of this method and at- 
tempt to subtract some multiple of seventy-two, such 
as 10 seventy-twos. Since each child is working on his 
own for a period of time, the development of power 
skill is extremely helpful in working with individual 
differences. 

One decision that the teacher must make in relation 
to each child is the extent to which he should be en- 
couraged to develop an efficient speed skill for a given 
algorithm. Obviously, skills are important and should 
be taught in elementary mathematics, yet it is the good 
judgment of the teacher that plays the crucial role in 
guiding a given child from power to speed. For certain 
processes, children should probably never be forced 
to attain a speed skill, but should be allowed to oper- 
ate at the power-skill level. Other children should be 
directed toward the speed skill as quickly as possible 
in order that they may proceed to more interesting 
aspects of mathematics. In rare instances, a child 
might profit from an initial consideration of a speed 
skill with no previous power-skill development of a 
given process. The emphasis on the role of conceptual 
power in the performance of a skill is a key feature of 


the so-called ‘‘new” mathematics. It is quite probable © 


that we cannot predict the future mathematical needs 
of children in our classes today, but we can help them 
develop the confidence, even in the area of learning 
skills, to utilize concepts previously learned to dis- 
cover some of the basic processes for themselves. 
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EXERCISE SET 6 
1. Write power or speed depending on the type of 
skill you think is being employed. 


Specific Skill 


A Using sets to CT 
find sums SA & 


Example 





342=0 
B Using number line AAG 
to find sums Ow 2 eB 495 
3492 0[n 
C Counting fingers ZI} 
to find sums 
34+2=([] 
D Memorizing that 
3s 
a 342=5 


OO ® 
O B 


E Thinking about 
“take away” to 
find differences 


byt ag iy 
F Using the inverse 
relation (missing 
addend) to find 
differences $22=(] 
G Memorizing that 
Se 
5=2=8 
Sg ial a DS 
H_ Using sets to a 
find products ee) Lae is 
3 GGs— 





I Using the number 0 5 10. 15 
line to find products 


3X Si 
Since 
J Using logic (basic 5. 4:5 me 25, Gu 5 cael | 
principles) to find ] or 
Since 


products 3: 56 5 ad ly eee 
2. Four different power skills are shown for finding 
91 +7. These skills would lead up to finding this 
quotient by “ordinary short division.” 
13 
7)91 


In what order should these be presented? 


A7)91 B Subtract | seven at 
70 a time. 
Bie (3) 91 
21 7 
0 84 
13 askell 
C7)91 
70 
a D Group 91 objects 


into sets of 7. 


3. Complete the “Learning a Skill” lesson on pages 

I-19 and I-20; then do these exercises. 

A Discuss the skill you learned and the way you 
learned in terms of power skills and speed skills. 

B What part of the lesson helped you evolve a 
speed skill? 

C What were your feelings about the lesson? How 
could it be improved? 


GENERALIZATIONS 

Imagine that one of your students is engaged in an 
investigation in which he was asked to cut out a large 
quadrilateral and draw colored lines connecting the 
midpoints of each side of the quadrilateral. The ques- 
tion stimulating the investigation was, ‘““Can you make 
an odd-shaped quadrilateral so that when you connect 
the midpoints you do not form a parallelogram?”’ As 
a result of this investigation and the subsequent dis- 
cussion of his findings, the child was led to form a 
generalization: ‘““The segments connecting the mid- 
points of any quadrilateral form a parallelogram.” 

In another lesson, a child might be responding to an 
investigation question which asked: “If you cut off 
the corners of a triangle and place the tips at the centre 
of a circle, what part of the circle can you cover? Can 
you find a triangle for which this is not true?” 

As the child completes the investigation and engages 
in the discussion which follows, he forms this tenta- 
tive, unproved generalization: ‘If a compass is used 
to draw arcs on the corners of any triangle and these 
corners are cut off along the arcs, then these corners 
will cover exactly one half of a circle drawn with the 
same compass opening.” This tentative generaliza- 
tion, of course, is the forerunner of the familiar gen- 
eralization that the sum of the degree measures of the 
three angles of any triangle is 180. 

A generalization provides the economy of moving 
from consideration of isolated, specific cases to a gen- 
eral statement which holds true for a complete set of 
numbers or geometric figures. For example, the gen- 
eralizations stated above deal with the set of all 
quadrilaterals and the set of all triangles. The regular 
occurrence of the word “any”’ in the generalization 
statements implies that the observation is true for 
every such geometric figure. 


The key to teaching a generalization effectively is 
to provide children with appropriately chosen exam- 
ples (or instances) which lead them to the generaliza- 
tion. An approach often used by teachers to help 
children learn generalizations is that of guided dis- 
covery. In this approach the teacher uses carefully 
sequenced questions and carefully chosen examples to 
focus the child’s thought on the generalization to be 
discovered. 

It is instructive for children in the upper elementary 
grades to have experiences in forming generalizations 
which seem obvious from a set of examples, but which, 
in fact, do not hold true. For example, consider the 
equations below. 






































Figure 11 


If 1 is written in the box and the operations are per- 
formed, the result is 11, which is a prime number. If 2 
is written in the box, the result is 13, also a prime 
number. Upper-grade children are likely to conjecture 
that the sum is always a prime number. When they try 
3, the sum is 17, also a prime. Similarly, the child 
finds that the numbers 4, 5, 6, 7, 8, 9, and 10, when 
written in the box produce a prime number. A child 
accustomed to forming generalizations from even 
fewer examples than this will likely conclude that 
this formula will always produce a prime number. It 
is instructive to note that when the next number, 11, 
is written in the box, the result is 121, which, being 
divisible by 11, is not a prime. This example illustrates 
the important idea that, even though the generaliza- 
tions the child might make seem quite plausible and 
are most often true, it is only by means of a mathema- 
tical proof of a generalization that one can be com- 
pletely sure that it is correct. These proofs, of course, 
are often not accessible to elementary school children. 
Thus, a healthy attitude might be characterized by 
references to generalizations which include phrases 
such as, “appears to be true,” “is probably true,” or 
“could most likely be proven.” 

Often a search for a generalization is initiated by a 
question such as, ““‘Do you see any patterns?” For 
example, several simple generalizations might be 
formulated about the multiplication table in Figure 
12. One child might observe that every number on the 
main diagonal of the table is a square number. Another 
student might observe that for every number on one 
side of this main diagonal, such as 10, there is a match- 
ing number symmetrically placed on the other side 
of the main diagonal. 
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Figure 12 


This last generalization is the table counterpart of the 
commutative principle for multiplication; that is, in 
the case of 12,6 2=2xX60r4xX3=3 X4. An- 
other generalization that might be reached by care- 
ful consideration of the table is that the only primes 
in the table occur in the one-row or one-column of 
that table. Still another interesting generalization sug- 
gested by the table is that the sum of any number in 
the two-row and a number below it in the five-row will 
equal the number below these numbers in the seven- 
row. Of course, there are many other generalizations 
ranging from the very simple to the more complex 
that could be made about this multiplication table. 

Perhaps the illustrations above will suggest that the 
mathematics available to the elementary school child 
is replete with possibilities for discovery of generaliza- 
tions. The teacher’s task is to create a learning en- 
vironment in the classroom, not only in terms of 
physical materials and situations, but in terms of 
attitude toward learning and toward children, which 
provides opportunities for discoveries of generaliza- 
tions and an atmosphere in which it is rewarding to 
make these discoveries. The teacher should be ever 
aware of the possibility that the habit of seeking gen- 
eralizations may well be one of the most valuable things 
the child learns from his experiences in mathematics. 


EXERCISE SET 7 
1. Choose a text from the Investigating School Math- 


ematics series and list some generalizations which © 


the students who study this text might discover. 

2. Investigate the Madison Project shoe boxes and 
complete the activities for at least two boxes. 

3. The illustrations and the table which follow show 
that if you connect two points on a circle, you 
divide the interior of the circle into two regions; 
if you connect three points on a circle, you divide 
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its interior into four regions; if you connect four 
points on a circle, you divide its interior into eight 
regions. Note that the points chosen should not be 
evenly spaced on the circle. 


Number Number of 
of points on | regions formed 
a circle inside circle 


oS 





A Fill in the table to show how many regions are 
formed if five points on a circle are connected. 

B Form a generalization about the right-hand col- 
umn of the table. 

C Test your generalization by finding out how many 
regions are formed inside when six points on a 
circle are connected. 


4. Devise an investigation which might enable a stu- 


dent to discover this generalization: ‘““The sum of 
the degree measures of the angles of a quadrilateral 
is 360.” 

5. Write some questions you would ask and show some 
examples you would use in guiding a child to dis- 
cover one of the following generalizations. 

A The commutative principle for multiplication 

B The volume of a “box” is found by multiplying 
length times width times height. 

C In measuring length, the shorter the unit, the 
greater the measure. 

D Any angle inscribed in a semicircle is a right 
angle. 

E Every even number ends in 0, 2, 4, 6, or 8. 
6. Complete the ‘““Learning a Generalization” lesson 
on page I-20; then answer the following questions. 
A What generalization did you learn from the 
lesson? 

B How many specific examples did you consider 
before you understood the generalization? 

C In what way did you use the generalization after 
you discovered it? 


FACTS 
In elementary mathematics, there are certain bits 
of information that are used so frequently that it is 


beneficial for the child to be able to recall them quickly 
when they are needed. These items are ordinarily 
called facts. There are three main types of facts that 
are of major concern. The first type of fact is one 
which evolves from a concept. It might be an example 
of a specific concept (“Two is a prime number,” ‘25 
is a square number,” “A parallelogram is a quadri- 
lateral’’), or it might be a characteristic of a specific 
concept, possibly even a part of the definition for the 
concept (“An isosceles triangle has two congruent 
sides,” ““An even number is a number divisible by 
two,” “A pentagon has five sides’’). Examples of, or 
characteristics of, concepts are not always considered 
as facts; only if such an example or characteristic is 
deemed important enough to be remembered for im- 
mediate recall, is it considered to be a fact and com- 
mitted to memory. 

A second type of fact is a fact derived from a gener- 
alization; that is, if a generalization is simple, or 
deemed important enough to remember for immediate 
recall, it might often be considered a fact. For ex- 
ample: “The sum of the squares of the lengths of the 
legs of a right triangle is equal to the square of the 
length of the hypotenuse of the right triangle’; or 
“The length of the segment joining the midpoints of 
two sides of a triangle is one half the length of the 
third side.”” Each of these statements might be con- 
sidered facts since they are sometimes useful for im- 
mediate recall. A third type of fact—one that is given 
a great deal of attention in the elementary school math- 
ematics program—is the type of fact derived from a 
power skill. For example, the child may have utilized 
a sequence of power skills for finding sums such as 
4 + 3. He may have used sets of counters, centimetre 
Strips, jumps on the number line, or reasoning from 
facts such as 3 + 3 = 6. These power skills, based on 
certain important concepts, provided the evolutionary 
progression toward the final speed skill used in finding 
sums. In this particular case, however, the speed skill 
used is simply that of memorizing the sum. Whenever 
the speed-skill stage involves memorization, the par- 
ticular learning which was classified as a skill or a pro- 
cess during the power-skill stage is reclassified as a 
fact. The basic addition and multiplication facts fall 
into this category, and they are given major attention 
in the elementary school. It is these facts to which 
primary attention will be given in this section. 

A first important point to be made in discussing the 
teaching of facts is that extensive power-skill work 
preceding the memorization stage can pay valuable 
dividends. The broad base of understanding provided 
by the power-skill work removes the aura of magic 
from this aspect of mathematics and not only makes 
the task of memorization of the facts easier, but helps 
the child view it as a ‘‘reasonable thing to do.”’ Figure 
13, for example, shows some of the power skills that 
might be utilized in the initial development of proce- 
dures for finding products. Careful development using 
some or all of these power skills can give the child 





a basic feeling for a procedure by which products 
may be found. 


A Sets B Number line 
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4 jumps of 3 12 


4 sets of 3 
4X3 = 12 
C_ Repeated addition 


4X3 = 12 


D Multiplication 
in “parts” 


Sax. a= 9” STIX Bee 3 
4X3=9+3 
4X3=12 


3+3+-3+4+3=12 


4X3= 12 


Figure 13 


The teacher must use good judgment in deciding 
when a given child should move from this power-skill 
stage to memorization of the facts. The appropriate 
time could vary extensively depending upon the 
ability and experiences of the child. If the power-skill 
work is started early in the elementary grades, the 
child will have ample time to reap the benefits of this 
basic experience with materials and concepts before 
the transition to speed skill is made. 

When the time has come to memorize the facts, it 
is important for the child to have a clear idea of the 
nature of this goal and the reasons it is appropriate. 
The teacher should even take time to help the child 
see the very clear difference between “‘figuring out the 
fact” and ‘“‘memorizing the fact.”’ Hopefully, he could 
help the child develop a feeling for situations in which 
the facts will be used and in which immediate recall 
would be quite valuable and time-saving for the child. 

After the addition or multiplication facts to be 
memorized have been placed in perspective, the 
teacher should seek interesting situations and crea- 
tive ways in which to practice recalling the facts. For 
example, the children might make their own flash 
cards and use a timer to see how long it takes them 
to give these facts. If desired, two children could work 
together and see which of them could go through the 
flash cards most quickly. Another game utilizes a pair 
of homemade colored dice and an empty multiplica- 
tion table (Figure 14) for each child. As the game 





Figure 14 
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proceeds, a child rolls his dice and writes the product 
of the numbers on the dice in the appropriate space on 
his multiplication table. His partner then does the 
same thing when it is his turn. If a child arrives at an 
incorrect product or writes the product in the wrong 
space in the table, he is penalized by missing a turn. 
The object of the game is to see who can complete 
the table first. Various modifications of this game are 
possible, including one in which each child works 
independently and keeps a tally of the number of 
times he rolls the dice and also keeps track of the time 
it takes. The basic objective, of course, is to provide 
an interesting situation in which the child is motivated 
to recall multiplication facts rapidly. 

Some children may need to spend considerable 
time in the power-skill stage before they begin to 
memorize. If there are children who have attempted to 
memorize the facts and find the job more difficult than 
anticipated, the teacher may want to consider allowing 
them to prepare a fact card on which they write the 
facts that they still do not know. Perhaps it would be 
realistic and beneficial to let some children use this 
fact card during the year whenever they desire, thus 
relieving the tension that could result from difficulties 
they encounter in memorizing the facts at one specific 
time. As the school year progresses, the teacher may 
want to suggest from time to time that a particular 
child concentrate on one of the troublesome facts and 
attempt to memorize it so that he can remove it from 
his fact card. The accomplishment of this goal, of 
course, would merit recognition and reward. After 
one fact is removed, the child might start working on 
removing another fact. The ultimate goal would be to 
remove all of the facts by the end of the year. Teachers 
who are interested in helping children learn mathe- 
matics in a comfortable way may find that a more 
realistic, less pressured approach to learning facts 
may enable the child to find greater enjoyment and 
success in his mathematical experience. 


EXERCISE SET 8 

1. Invent a game that could be used to help children 
practice recalling addition or multiplication facts. 

2. Find a commercially produced game that is de- 
signed to help children practice recalling facts. 

3. Complete the ‘‘Learning Some Facts’ lesson on 
pages I-20 and I-21 of this text; then answer the 
following questions. 

A How many of the facts did you know? 

B What techniques did you use to help you memo- 
rize the remaining facts? Did you find this lesson 
difficult? 

C Can you imagine some of the difficulties your 
children might have in learning facts? 

D Did you find any mnemonic devices which were 
helpful in remembering the facts? 





ATTITUDES 
In his poem “Arithmetic,” Carl Sandburg wrote: 


Arithmetic is numbers you squeeze from your head 
to your hand to your pencil to your paper 
till you get the answer. 
Arithmetic is where the answer is right 
and everything is nice 
and you can look out of the window 
and see the blue sky — 
or the answer is wrong 
and you have to start all over and try again 
and see how it comes out this time. 


Arithmetic is where you have to multiply — 
and you carry the multiplication table in your head 
and hope you won’t lose it.* 


The attitude toward mathematics, school, one’s 
ability, and learning in general that one senses on 
reading this part of Sandburg’s poem is surely typical 
of many children in classrooms today. Perhaps, it 
was a feeling similar to this that caused Huckleberry 
Finn to say: 


I had been to school ’most all the time and could spell 
and read and write just a little and could say the multi- 
plication table up to six times seven is thirty-five, and 
I don’t reckon I could get any further if I was to live 
forever. I don’t take no stock in math, anyway. 


There are many different kinds of attitudes exhibited 
by children who have been exposed to classroom 
mathematical experiences in different parts of the 
world. There are, of course, the more general attitudes 
that a child has toward his teacher, toward his school, 
toward his fellow students, and toward the process 
of education. All too often the child’s attitude toward 
education in general is that suggested by Charles 
Schulz in this Peanuts cartoon. 


THEY DON'T MOVE... 
('M NOT USED TO 


THAT DON'T MOVE OR 
HAVE COMMERCIALS... 


WW, 
LOOK AT 


THIS IS 
THE ART 
MUSEUM... 


TRY NOT TO HAVE A GOOD 
TIME...THIS IS SUPPOSED 
TO BE EDUCATIONAL... 


© 1971 United Feature Syndicate, Inc. 





“From Complete Poems, copyright, 1950, by Carl Sandburg. Reprinted by permission of Harcourt Brace Jovanovich, Inc. 
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Two of the attitudes to be considered here, how- 
ever, are the child’s attitude toward mathematics and 
the child’s attitude toward himself as he relates to 
mathematics. It has been said that the mathematical 
experiences of a child before the age of 11, and the 
responses he has been encouraged to make to those 
experiences, largely determine his potential math- 
ematical development. If this is so, then a child’s atti- 
tude toward mathematics and his feelings about how 
he relates to mathematics are extremely important 
considerations for the classroom teacher. 

A moment’s reflection on the number of people who 
are willing to say that they hate mathematics and on 
the multitude of others who seem to harbor a fear 
regarding their inability to cope with ideas of math- 
ematics leads the teacher to realize that he does indeed 
teach attitudes, whether he tries to or not. Clearly, 
the teacher who conducts a classroom in which chil- 
dren’s achievements are evaluated almost exclusively 
on the basis of how many right answers they can come 
up with must surely engender attitudes in children 
which differ greatly from those engendered by the 
sensitive teacher who recognizes the child’s need to 
think his own thoughts and to become involved in an 
exciting exploration of ideas that interest him. Or, 
consider the difference between the teacher who 
teaches only speed skills and facts and the teacher 
who recognizes the central importance of concepts 
and generalizations, as well as the facts and skills. 
The child exposed to the first teacher must surely 
have a feeling toward mathematics, and his ability 
to interact with it, that is far different from that of the 
child who learned with the second teacher. 

If what happens in the classroom is of such impor- 
tance in developing attitudes within the child, then 
the teacher may want to reevaluate his approaches 
to instruction by reconsidering certain fundamental 
questions. What subject matter and methods most 
effectively instill within the child the feeling that math- 
ematics is interesting, fun, and a source of adventure? 
Will these means provide an opportunity for the child 
to exercise his freedom of choice and to make deci- 
sions about what he does with mathematics? Aldous 
Huxley said: “‘A child is a genius until the age of ten.” 
Could it be that our classroom approaches squelch 
this genius? Can we select mathematical experiences 
and materials that enable the children to experience 
success and thus maintain that sense of worthiness and 
prestige with peers that is of such importance? Can 
we structure these experiences in such a way that the 
child maintains within this atmosphere of freedom a 
sense of security and safety, thus avoiding the fear 
that can erode his ability to approach mathematical 
situations with confidence? Can we help children see 
the usefulness and importance of mathematics with- 
out boring them? 

Clearly, the questions just raised are difficult to 
answer and specific techniques for developing healthy 
attitudes are hard to come by. But even though pre- 


scriptions for developing attitudes are scarce, many 
of the ideas about teaching suggested in earlier sec- 
tions of this text can provide assistance for the teacher. 
The investigation, for example, provides the child 
with an opportunity to make independent decisions 
and to interact with mathematics and materials and 
encourages him to take responsibility for his own 
learning. As difficult as it may seem at times, a child’s 
acceptance of responsibility for his own learning in- 
culcates an attitude that is ultimately invaluable. Also, 
the manipulative materials or activities that are made 
available to the child in the investigation situation pro- 
vide an interaction with the physical world that is 
often extremely valuable in making mathematics real 
to a student. Unless a child is ready for more abstract 
thinking, he cannot be induced to sense the adventure 
in mathematics without a physical environment to 
explore. Opportunities for attitude development are 
implicit not only in the investigation phase of a lesson 
but in the discussion as well. If a teacher can convince 
the child that his ideas are important, then the child 
finds himself in a situation, albeit a mathematical one, 
in which he feels important. His prestige with his peers 
increases and he feels successful. Exercises in the uti- 
lization phase of a lesson that begin simply and grad- 
ually increase in difficulty can also help the child feel 
that he can do mathematics on his own; and, of course, 
carefully selected extension activities can provide the 
child with a variety of opportunities to experience the 
fun of mathematics. 

Not only do the phases of the learning experience 
provide unique opportunities of attitude development, 
but the particular types of learnings involved within 
these phases also have their effect. The teaching of 
concepts and generalizations provides the child with 
a feeling of power regarding mathematics, for when he 
experiences the thrill of discovering a concept or a 
generalization, or when he uses these to solve a prob- 
lem, he is also developing a useful and wholesome atti- 
tude toward mathematics learning. He is developing 
a habit of reacting to a mathematical situation which 
will be invaluable when he later encounters mathe- 
matical situations possibly undreamed of today. Also, 
careful teaching of skills and facts can provide the 
child with that basic sense of security that comes 
simply from being able to do something or to remem- 
ber something. 





Figure 16 
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Regarding the child’s level of confidence in his abil- 
ity to cope with mathematical problems, one of the 
child’s paramount needs is to experience success, and 
as mentioned previously, having entertaining experi- 
ences with mathematics might decrease the fear that 
can erode his confidence. To provide these experi- 
ences, the teacher might create in the classroom a 
‘‘Fun with Mathematics” centre (see Figure 16) that 
contains mazes, puzzles, design materials, and so on. 
This centre represents an extra effort to encourage 
the child to successfully play with mathematics. Some 
of the materials that might be in such a centre are as 
follows: the soma cube, the tangram pieces, 2-cm 
cubes, materials for curve stitching, a kaleidoscope, 
pattern blocks, Cuisenaire rods, multi-base arithmetic 
blocks, geoboards, a wide variety of counters, attri- 
bute blocks, scales and balances, timers, calendars, 
measuring tapes and rulers, yarn and string, an assort- 
ment of boxes and cans, magazines and catalogues, 
mirrors, dice, play money, graph paper, assorted 
plane and solid shapes, abacus, pegboard, compass, 
mathematical balance, etc. 

Perhaps, as you consider the attitudes more care- 
fully and reevaluate the effects of your approaches to 
instruction, you will find other ways to help children 
develop a healthy attitude toward mathematics and 
an enthusiasm for the enjoyment it can offer. Each day 
as the teacher enters the classroom with plans for a 
learning experience, he might well ask himself: ““What 
effect will this have on the attitudes of the students 
in my classes?” 


EXERCISE SET 9 


1. Select a text from the /nvestigating School Math- 
ematics series and find at least five activities which 
could contribute to the child’s development of a 
positive attitude toward mathematics. 

2. Explain how you think some of the other types of 
learning might also contribute to better child atti- 
tude toward learning in general and mathematics 
specifically. 

3. Complete the “Learning an Attitude’ lesson on 
page I-21 of this text; then answer the following 
questions. 

A Was the lesson fun? 

B How did you feel when you had finished the 
lesson? 

C Did the lesson change any of your ideas about 
mathematics? 
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IV. Some Learning Experiences 
for the Teacher 


In Section II 
you were introduced to an outline for a learning ex- 
perience which involved preparation, investigation, 
discussion, utilization, and extension. In Section III 
the types of things children learn—concepts, skills, 
generalizations, facts, and attitudes—were catego- 
rized. In this section, we combine these ideas and use 
them in presenting five learning experiences designed 
especially for the teacher. That is, in order to gain a 
first-hand view of lessons which develop these types 


Lesson 1. Learning a Concept 


What is a pentominoe? 


INVESTIGATING THE IDEAS 
Each of these is a pentominoe. 


CEE PELE gs te 


None of these is a pentominoe. 


oh 78 oA 


How many more pentominoes can you find and show 
on graph paper? 


DISCUSSING THE IDEAS 

1. How many pentominoes did you find? 

2. Can you give some characteristics of a pentom- 
inoe? 

3. How would you “broadly classify’? a pentominoe? 

. Can you define a pentominoe? 

5. Are the pentominoes in Figures A, B, and C the 
same? 


ie [eer 


A B 


PS 


c 


6. How could you convince someone that you have 
found all possible pentominoes? 


of learning, the teacher will have experiences with 
each of these in the five lessons; and, in order to be- 
come more familiar with the suggested structure for 
a learning experience, each of these five lessons will 
involve an investigation, a discussion, a utilization, 
and an extension of the ideas. 

It might be valuable for the teacher, after he has 
become involved in each of these lessons and has 
completed the activities, to rethink and discuss his 
reactions to the various phases of the lesson structure 
and to the various types of learnings involved. In this 
way, he might gain a new insight into the way the 
children in his classes might react to these kinds of 
situations. 


USING THE IDEAS 
1. Which of the pentominoes can be folded to form a 
box with the “lid missing’’? 
2. Some pentominoes can be rotated about a point 
180° and returned to 
180° 
These pentominoes are (aaa 
tional symmetry. Which aan 
pentominoes have 180° 
rotational symmetry? 
and returned to their starting position. Such 
have reflectional sym- 
metry. Which pentom- 
inoes have reflectional 
4. What do you think a hexominoe would be? How 
many hexominoes can you find? 


their starting position. 
said to have 180° rota- 
3. Some pentominoes can be flipped about a line 
pentominoes are said to Gz 
| 
symmetry? 


EXTENSION 
Some pentominoes can be used to tessellate (fill with- 
out overlapping) the plane, as shown below. Can you 
find at least two more pentominoes that can be used 
to tessellate the plane? Show the tessellations on 
graph paper. 


Lesson 2. Learning a Skill 


Can you find the product of two 
2-digit numbers “in your head”’ ? 


INVESTIGATING THE IDEAS 


Follow these steps for writing the answer only for 
74 X 36. 


Step 2 


Step 3 


Step | 





Write 4 Write 6 
Remember 2 Remember 5 Write 26 
3 (6 GY) 3) 6 

4, 
x 7\4 4 (3) x\7J4 
4 6 4 2664 


Can you use this method to write answers only for 
the products below? Check your answer using the 
“‘long”’ method. 
53 aa 45 67 
x48 x62 23 X 32 


DISCUSSING THE IDEAS 

1. Explain this statement: In Step 1 you are finding the 
number of ones. 

2. In Step 2 you are finding the number of _”.. 

3. The 2 you remembered is really 2 2. 

4. Explain what you are finding in Step 3. 


UsING THE IDEAS 
Write answers only for each product. 


LWPS aos On. 3 .ge 37 2 aa SD. Sapte3 
x 42 x 42 x 56 


6. 64 Tora 29 8. 48 F583 10. 27 
xX 63 <5) x §3 


EXTENSION 
1. Study the figures below for finding the product of 
two 3-digit numbers. 


1 BAS anne ke 
oar x 4GX6) x BS ONS « x(4)3 6 


Sie7 QRS AT AZ MARS S Hep D 
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2. Use the method shown in exercise 1 to find each 


product. 
125 AST 841 525 
x 365 x 426 x 215 oy) 


*3, Devise a rule for multiplying two 4-digit numbers. 


Lesson 3. Learning a Generalization 
Can you find a pattern? 


INVESTIGATING THE IDEAS 

Use the small square in Figure A as the unit. Can 
you find the area of each shaded part in two different 
ways? For each part, write an equation to show that 
the two ways of calculating the area give the same 
result. 





DISCUSSING THE IDEAS 
1. A Describe one way you found for finding area in 
the figures above. 
B Describe another way you found. 
C Did you find any other way? 
2. Can you write an equation to show that these two 
methods give the same area? 


3. A Suppose there are 50 vertical segments in the 
“stairsteps” of Figure E. 
What is the area of the 
shaded part? 

B Which of the two methods 
for finding the area 
would you use? 

C Can you write an equation 
about this? 


4. Can you find the area of the shaded portion of Fig- 


ure E if there are 100 vertical segments? 
5. Can you use what you have learned so far to ex- 
plain this generalization? 
Wa sae ot Rani der os PO int) pc 
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UsING THE IDEAS 

1. Without adding each number, find the sum of the 
whole numbers through 25. 

2. Find the sum of the first 75 whole numbers. 

. Find the sum of the first 200 whole numbers. 

4. What is the sum of the first 1000 whole numbers? 


we 


EXTENSION 
1. What is this sum? 50+ 51+52+53+...+99 
+ 100 
2. Can you find a short way to find the sum of 
A these even numbers? 0+2+4+6+84... 
+ 100 
B these odd numbers? 1+3+5+7+9-4... 
+ 99 


*3. Can you state a rule for what you found in exercise 


2 by using a variable? 


Lesson 4. Learning Some Facts 


Can you learn some “‘new”’’ facts? 


INVESTIGATING THE IDEAS 
Many rapid “human Calculators” consider these 
products to be facts. 


pop fap apaps 





How many of these “‘facts’”” can you give without 
calculating? 

(Record the facts you know and shade that portion 
of the table with a red pencil. Then fill in the remainder 
of the table by figuring out the remaining facts.) 


DISCUSSING THE IDEAS 

1. Which facts in the table need not be memorized 
provided you know the others and also know the 
commutative principle? Shade these facts blue. 

How many facts altogether are in the table? 

How many facts remain to be memorized? 

What is the “‘largest” fact? 

Which facts are over 200? 

Which facts are in the 190’s? 

Do you notice other patterns in the table that 

might help you remember certain facts? 


a et 
— oi ae a 


USING THE IDEAS 
1. Give these products as quickly as possible. 


A 15 x 15 E 13 x 13 | i a 
B 15x 14 F 14x 12 JrirxX 14 
C 14x 14 G 11x11 K 11 x 15 
D 13 x 15 H 11 X 12 L 12 Xx 13 


2. Make flash cards for the “facts” in exercise 1 that 
you do not know. Practice with a friend. 

3. In exercise 1, start with part L and, following re- 
verse order, give each of the products as quickly 
as possible. 

*4. Make a large multiplication table with all numbers 
up to 20. Mark out the “facts” you know. How 
many of these “facts” are left to memorize? 

*5. A person who knew the distributive principle and 
the facts in the table referred to in exercise 4 
looked at the multiplication 143 x 15 and wrote 
2145. How did he do it so quickly? 


EXTENSION 
Study the facts for these powers of 2. 


Lm DEX), =4 
Dee eX 2D =8 
Pi ete Ks) KI XD = 16 


2?>=2xX2xX2xX2x2=32 
1. Give the next six powers of 2. 


*2. Can you find some mnemonic aids to help you 
memorize the first ten powers of 2? 


Lesson 5. Learning an Attitude 


Let’s try a place-value game. 


[at7[3) 


INVESTIGATING THE IDEAS 
Use 3 sets of 9 cards, each 

with the digits 1 through 9. 

Shuffle the 27 cards and deal 3 to 


each player. Each player then HIGH 
forms a 3-digit numeral, places 

his cards face down in order, and G 
declares (starting to dealer’s left 

and rotating clockwise) whether MIDDLE 
his number is high, middle, or low. 

Play the game in groups of three 

players. LOW 


DISCUSSING THE IDEAS 

1. One player arranged his cards 
like this and declared that he 
would try for the low hand. 
What was wrong with his 
strategy? 


[| 


J L¢! 


2. What is wrong with this 
arrangement for a middle 
hand? 

3. If you were dealt these cards, 
would you try for a high or 
low? Why? 

4. Suppose you are last to declare. 
Everyone else has declared 
either low or middle. What 
would you do with these cards? 


Hiei 


| 6 
USING THE IDEAS 


1. Try playing this game with 2 or more other people. 

2. Try the game with the rule that you can declare 
only high or low. 

3. Make up rules for a game in which you turn up the 
cards one at a time starting with the ones’ digit 
card. 


EXTENSION 
1. Invent a place-value game in which 4 or 5 cards 
are dealt to each player. 
*2. Find or invent another game or activity that 
strengthens understanding of the concept of place 
value. 


V. Some Thoughts About Evaluation 


The strategy 
of preparation, investigation, discussion, utilization, 
and extension is a flexible organizational plan that 
allows each teacher an opportunity to make a modest 
beginning toward an activity-oriented mathematics 
program. The lesson categorization of concept, skill, 
generalization, fact, and attitude provides a framework 
that allows each teacher an opportunity to apply the 
teaching strategy to various types of learning situa- 
tions. Since there are different types of learning, it is 
reasonable to assume that there should be different 
types of evaluation used to measure these learnings. 

When considering the facts and skills, for example, 
emphasis should be placed on child accountability. 
The teacher should determine the learning outcomes, 
consider performance objectives for these outcomes, 
and help the child attain these objectives. The evalua- 
tion of this attainment is most easily completed by use 
of fact and skill tests which determine the child’s level 
of achievement. Since the child needs considerable 
practice in remembering facts and performing skills, 
the procedure for helping them is reasonably straight- 
forward. 

When evaluating concepts, generalizations, and at- 
titudes, however, the desired performance objectives 
are often quite difficult to verbalize. We have men- 
tioned earlier that concept learning often takes place 
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over a relatively long time span, that concepts are ex- 
tended and broadened, and that concepts mature with 
each subsequent set of related experiences. Clearly, 
it is difficult to write a performance objective which 
specifies the exact level of concept maturity appro- 
priate for a given child at a given time. Whenever pos- 
sible, objectives for simple concepts should be written, 
and an attempt should be made to write test items 
which will show whether children understand these 
concepts. These items should involve requests for 
children to give examples of concepts, characteristics 
of a concept, and even, in some cases, a definition of 
the concept. For more difficult concepts, the evalua- 
tion of children’s progress might be made through ob- 
servation and recorded by means of a check-list which 
specifies certain levels of development for the given 
concept. The teacher should be alert for situations in 
which the child actually uses the concept correctly 
and should recognize also that understandings which 
are only partially developed indicate positive achieve- 
ment. The teacher should also search for instances 
where the child has shown an ability to form concepts, 
for this is one of the desired learnings. 

When evaluating the child’s understanding of gen- 
eralizations, the teacher should specify the simple 
generalizations which should be learned by all chil- 
dren. Specific performance objectives and the sub- 
sequent test items should be written to evaluate these 
generalizations. Beyond this, the teacher should again 
evaluate in greater depth through personal observa- 
tions or interviews with the children. In the area of 
generalizations, the teacher should be ever aware that 
a child who is in the habit of looking for patterns or 
generalizations has learned a great deal. The teacher 
should also recognize that a child who can form a 
generalization from a sequence of specific examples 
has developed an understanding of a process that is 
extremely important. We would be remiss if we eval- 
uated only the factual part of the learning of gener- 
alizations. As noted earlier, however, although these 
are important goals of mathematics learning, it is very 
difficult to write performance objectives for these 
goals. Whenever possible, objectives should be writ- 
ten which go deeper than facts and skills, but in the 
absence of objectives, the teacher should feel free to 
use Other means of evaluation, including interviews 
to evaluate student learning. 

While attitudes are not easy to measure in a con- 
ventional way, it is suggested that teachers frequently 
observe children and talk to them about their feelings 
about mathematics. It is important to realize that one’s 


philosophy toward testing can also have a marked in- . 


fluence on the child’s attitude toward mathematics. 
Testing should be reasonable and realistic, and the 
child should understand its purpose. The spirit of 
evaluation should be one of helpful assessment, rather 
than of critical evaluation. If children participate with 
teachers in understanding (if not in developing) the 
goals of instruction, the testing procedure can be a 
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positive influence on the child’s attitude and ability 
to improve. 

It is hoped that the teacher will constantly take a 
broad view toward evaluating mathematics learning 
among his children. In the long run, evaluation of a 
child’s learning should depend upon the interaction 
of that child and his teacher. For this interaction to 
be successful, it may be necessary for the teacher to 
reexamine his own beliefs about how children learn 
mathematics. As each teacher makes modest begin- 
nings toward an activity-oriented approach to mathe- 
matics learning, he might ask himself the following 
questions: 


1. Do I respect each child as an individual with unique 
interests, abilities, sensitivities, and significant 
thoughts? 

2. Does the learning environment of my classroom 
provide a natural, free atmosphere in which chil- 
dren can explore, make decisions, be independent, 
and encounter exciting new experiences? 

3. Does the learning experience also include a sup- 
portive, non-judgmental atmosphere in which chil- 
dren have enough routine activities to provide a 
comfortable threshold of security? 

4. Is the child’s need for earned success recognized 
in my classroom? 

5. Do I recognize and treat mathematics as a dynamic, 
ever-growing discipline which offers limitless new 
vistas to be explored and an inexhaustible variety 
of new problems to be investigated and solved? 

6. Do I view mathematics as a subject of beauty and 
a source of pleasurable fulfillment of intellectual 
curiosity? 

7. Do I appreciate the significance of my role as a 
fellow-learner rather than merely a source of 
information? 

8. Is my overall attitude toward mathematics one that 
encourages a basic freedom to learn through use of 
manipulative materials in an investigative environ- 
ment, and through free discussion and exchange 
of ideas? 


As a teacher evaluates the children in his class, he 
should also reevaluate his approach to mathematical 
learning. The goal of this short text has been to help 
in that reevaluation by encouraging the teacher to 
read, study, observe, experience, experiment, and re- 
consider. If that goal has been achieved, perhaps his 
resulting basic beliefs about children, mathematics, 
and evaluation methods will help him create a new 
climate of interaction that will spark more effective 
learning experiences in his classroom. 


EXERCISE SET 10 

1. Give a set of performance objectives for each les- 
son completed in Section IV. 

2. Create an evaluation tool for each set of behavioral 
objectives given in exercise 1. 
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INTRODUCING THE METRIC SYSTEM 


Canada is committed 
to the metric system of measurement. You may be 
aware of this but may not have a clear idea of exactly 
what the metric decision means to you as a feacher. 
It is hoped that this section will serve three purposes — 

1. give you an idea of how the metric decision will 
affect you, 

2. help you understand the metric system of mea- 
surement, and 

3. give you some hints for teaching the metric sys- 
tem of measurement to your students. 


History and Rationale 


The English system of measurement developed from 
man’s need to measure size and distances using units 
from the most readily available object —himself. He 
utilized his palm, span, finger, an ell, and a fathom for 
length; his foot, step, pace, an arrow’s flight, and a 
day’s journey for distance; and a handful, shellful, 
hornful, or gourdful for capacity. 

There was little need for standardization until man 
began to travel and trade with other men. When 
“standard units” were developed, a new problem 
arose. Different countries used different definitions 
for the same unit. The foot was, at first, the length 
of any man’s foot. In some countries, it was the length 
of the king’s foot (since he was the “‘ruler’’) and this 
foot could change as the “rulers” changed. Later an 
effort was made to standardize some units; for ex- 
ample, England and Scotland decreed the foot to be 
12 inches. Unfortunately, England and Scotland didn’t 
use the same definition for the inch. 

Today, in the age of technology, one still finds dif- 
ferent units in those countries which are not yet 
metric. Canada and the United States are neighbour- 
ing countries, yet they use two different definitions 
for the gallon. A question at which people in metric 
countries must laugh is “Which is heavier, a pound 
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of gold or a pound of feathers?”’ A pound of feathers 
is heavier since feathers are weighed by the avoir- 
dupois pound (1 avoirdupois pound—7 000 grains) 
and gold is weighed by the troy pound (1 troy pound — 
5 760 grains). Which is heavier, an ounce of gold or 
an ounce of feathers? An ounce of gold is heavier. 
There are 12 ounces in the troy pound, so one ounce 
of gold weighs 480 grains; there are 16 ounces in the 
avoirdupois pound, so an ounce of feathers weighs 
437.5 grains. 

Out of such confusion there developed a need for 
a simple, standardized system of measurement. In 
1670 Gabriel Mouton, a French abbé, developed a 
system of measurement organized according to the 
decimal system of numeration. It took over a hun- 
dred years for a system of measurement like the one 
Mouton put forth to get official sanction. In 1790 
the French National Assembly appointed a commit- 
tee to study the measurement situation and see if a 
rational system of measurement was possible. In 
1795 France adopted a decimal system of measure- 
ment, defining the base unit of length to be the 
metre (from the Greek word metron, “‘a measure’). 

The metric system did not use parts of the human 
body as units. The metric system did not develop 
haphazardly adding more and more units as the need 
arose. The metre was defined as one ten-millionth 
of the distance from the North Pole to the equator, 
along the meridian passing near Dunkirk, Paris, and 
Barcelona. One can see that such a definition would 
be difficult to replicate in any one country. Also, the 
length of the metre changes as the position of the 
North Pole changes; at the time that the metre was 
defined, scientists were unaware that the position 
of the North Pole changed. 

In 1870, because of the problem of replicating and 
comparing metric units from country to country, 
France called a meeting of the metric countries to 
develop a “unified metric system of measurement”. 
In 1875, the Treaty of the Metre was signed to estab- 
lish the General Conference on Weights and Measures 
which meets to determine the official definitions for 
the units used in the metric countries. In 1960 the 
Conference adopted the Systéme International des 
Unités (SI). It is this SI metric system that is most 
used throughout the world. 


A Popular System 


The popularity of the metric system 
stems from two characteristics—the high degree of 
standardization and its simplicity. 

In the entire metric system there are only seven 
base units! They are metre (length), kilogram (mass), 
second (time), ampere (electric current), degree kelvin 
(thermodynamic temperature), candela (luminous in- 
tensity), and mole (amount of substance). 
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All units used in the metric system are related to 
these seven base units. The units you will be most 
concerned with (because they are the ones used in 
everyday living) appear in Table 1: 


Table 1: Metric Units to be Studied 





Quantity Unit Symbol 
Length metre m 
Mass kilogram kg 
Capacity litre weg 
Temperature degree Celsius =C 


*As a rule of thumb, the cursive letter (/) is used as a symbol for 
the litre to avoid confusion with the numeral (1), however, in 
symbols such as ml (millilitre), kl (kilolitre) the cursive form is 
not used. 


All other units to be discussed can be represented 
by the product of one of the units and a power of 10. 
For example, every possible unit of length can be de- 
veloped by multiplying the number of metres by the 
appropriate power of 10. 


Table 2: Metric Units of Length 
Name (Symbol) Metres 


*kilometre (km) 102m or 1000 m 


hectometre (hm) 10?mor 100m 
decametre (dam) 10'mor 10m 
*metre (m) 10°m or 1m 


10-'m-or 74 m 
10°-*m ori m 
10-°m or wow Mm 


decimetre (dm) 
*centimetre (cm) 
*millimetre (mm) 


*preferred units 


To make the system simpler the same prefixes are 
used with all units. For example, a millimetre (mm) 
iS tooo Of a metre, a millilitre (ml) is zoos Of a litre, a 
milligram (mg) is 7000 Of a gram, etc. 

According to the class, you may want to introduce 
the symbol “‘m’”’ for metre, “cm” for centimetre, etc. 
The plurals, metres and centimetres, are also sym- 
bolized ““m” and “cm”, not “ms” or ““cms.”’ Remem- 
ber, these are symbols and not abbreviations and no 
period is used after a symbol. 

Countries which have been completely metric for 
several years find that some terms such as “deci- 
metre” are not used in everyday living. People will 
talk of a book being 28 centimetres long rather than 
2.8 decimetres long. You may wish to explain the term 
““decimetre,” but it is not necessary. 

Most people who feel that the metric system is com- 
plex are those who convert back and forth between 
the metric and English systems of measurement. When 
teaching the metric system, conversion to the English 
system is not necessary and should be avoided! 


The metre is defined world-wide to be 1 650 763.73 
wave lengths in a vacuum of the orange-red line of 
the spectrum of krypton 86. This is quite a definition! 
There are two reasons why such a complex definition 
was adopted — 

1. the length never varies and 

2. this measurement can be replicated in labora- 
tories throughout the world. 

From this brief history of the metric system it is 
hoped you will take three main thoughts — 

1. The metric system resulted from concentrated 
effort to develop a rational system of measurement. 
It did not develop haphazardly. 

2. The problem of standardization has been solved 
in the metric system. 

3. The metric system is both popular and useful 
because of its simplicity. 


Activities 


Experience and activity 
are key words in the teaching of measurement. Mea- 
sure things! The success of this material will depend 
upon the amount of experience each participant has 
with the activities. The limited number of activities 
that are presented should stimulate possibilities for 
many more. Although the content is approached 
through activities and measuring experiences, there 
is a need for exercises to further these expenences 
and to structure metric thinking. Two points should 
be emphasized — 

1. It is important that you as well as your class do 
the activities in this section. 

2. The activities will be more fun if done in a group 
situation. 

Looking at Table | in the History and Rationale 
section, you will notice that you have to be concerned 
with only four base units. So, let’s use the frontal at- 
tack, start mght in on length, and begin inching our 
way down the metric road. 
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Length, Area, and Volume 

In the groups where the metric system has been 
argued for years, there were two camps. One group 
wanted to use the centimetre, gram, and second for 
the core of the system and the other the metre, kilo- 
gram, and second. The latter group has prevailed. 

It is strongly urged that first grade teachers not 
start with the metre. It is very difficult for first graders 
to handle a metre ruler. The same argument may be 
advanced for the kilogram and litre. Length will be 
approached as it should be covered with students, 1.e., 
first measure with arbitrary units, then use the centi- 
metre, next use the 10-centimetre (decimetre), and 
finally the metre. All measurement should be ap- 
proached as a three step process — 

1. Select a unit. 

2. Partition the object to be measured into units. 

3. Count the number of units used. That number is 
the measure of the object. 


ACTIVITY 1 

Measuring objects with an arbitrary unit. Students 
should do several activities of this type using arbitrary 
units such as their thumb, a paper clip, pencil, crayon, 
cutout of their shoe, width of their hand (a unit in the 
English system used for measuring the height of 
horses), cubit (another “English” unit, the length of 
the forearm from the elbow to the tip of the middle 
finger), or other selected units. For your experience 
measure the chalk eraser, the width of your hand, the 
width of this book, and the length of a pencil using 
a paper clip as the unit. 

In the illustration, a “paper clip train” is being used 
to measure the width of a hand. Follow the three steps 
mentioned previously in the measurement process. 


Record all answers. Then measure the object again 
using pieces of paper the length of a thumbnail. Repeat 
the process measuring other objects. 

In class emphasize four points — 

1. The first unit should be lined up with the “‘start- 
ing point” of the object. 

2. The units should touch, but not overlap. 

3. The “train” should be straight. 

4. The units should be ‘‘rounded off’ to the unit 
that has its right end nearest to the ‘‘finishing point”’ 
of the object. 

In doing activities where arbitrary units are used, 
the need for standardized units becomes obvious. Ask 
several children to measure the same object, each 
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with his own pencil. On the chalkboard, place their 
statements such as “The table (or whatever object 
you pick) is 5 pencils wide.” ‘“The table is 7 pencils 
wide.” “‘The table is 8 pencils wide.” Children will 
soon see that when pencils of differing lengths are 
used, different answers will result. 


ACTIVITY 2 

Developing the concept of a centimetre. Probably the 
first metric unit the children will make use of is the 
centimetre. You will need (and each student in the 
class will need) 9 centimetre strips —9 pieces of paper 
or cardboard | cm by | cm square. 

The children, especially the younger ones, should 
have the experience of measuring many objects using 
centimetre strips. (If at the time you present this 
activity your students have studied two-digit numbers, 
have them measure objects longer than 9 cm.) 


Using the centimetre strips, measure the length of 
a paper clip, a piece of chalk, the Cuisenaire 6-rod, 
the width of a hand, and the width of a thumb to the 
nearest centimetre. In this initial activity, actually 
use centimetre strips and not a ruler marked in centi- 
metres. An exercise the children can do at their desks 
is to measure the pictures of objects drawn on a dupli- 
cator master. The pictures can be of predetermined 
length. Measure the pictures below. 


—> 


The arrow is about 


centimetres long. 


The snail is about centimetres long. 


The turtle is about centimetres long. 





In exercises like these, the length can be controlled. 
Some answers should require “rounding up,” and 
some “rounding down.” The word ‘‘about” is im- 
portant in the sentence since a measurement is an 
approximation. As the children progress you can have 
them write not only the number but also the name of 
the unit. 


ACTIVITY 3 

Measuring with centimetre rulers. When the chil- 
dren have learned to use the centimetre strips in the 
measurement process, a ruler marked off in centi- 
metres (not millimetres) should be introduced. It is 
strongly urged that the child construct his own 10-cm 
ruler during his first introduction to metric measure. 
He can do this by constructing a 10-cm train on a 
10-cm long piece of paper, pasting the train on the 
paper, then numbering the cars from | to 10. Another 
approach is to construct a 10-cm ruler in front of the 
class. Then hand out 10-cm long pieces of paper al- 
ready marked off in centimetres and have the children 
number the centimetres from | to 10. 

The next few activities should involve the measur- 
ing of an object with a centimetre train, a 10-cm ruler, 
and finally with only a 10-cm ruler. When measuring 
an object with a 10-cm ruler work toward getting your 
students to “read the ruler” rather than counting the 
centimetres as they did with the trains. 

In the example illustrated the child should learn to 
round off to the nearest centimetre and then read the 
ruler, “8 centimetres,” instead of counting “1, 2, 3, 


4, 5, 6, 7, 8 centimetres.” 





After the children have become skilled in using a 
10-cm ruler, they should be given activities requiring 
them to measure objects which are longer than 10 cm. 
When working with 5-and-6-year olds, be careful that 
the measure of the object is not a number the children 
haven't studied. In the activities concerning measure- 


ment it is the process that should be emphasized; the 
numbers themselves should never be a source of 
difficulty. 

Now, using your 10-cm ruler, measure the length 
and width of this book and length of your forearm, 
the length of your foot, and length of your span 
(what is your span?). 


ACTIVITY 4 

The metre and notation. Initially, you may want to 
have your students measure objects with metre-long 
strips of unmarked cardboard. Then ask them to 
number the centimetres on the metre strip in groups 
of 10 using their 10-cm strips. Before proceeding 





further, have the class subdivide these cardboard 
metre rulers into centimetres. It is important that 
you do the activities with the same type of ruler your 
students will use. If you have a classroom set of 
wooden metre rulers, use one of them. Ideally, the 
rulers used should be marked off in centimetres, but 
if the ruler is marked off in centimetres (cm) and milli- 
metres (mm) no harm is done. Measure the length, 
width, and height of your desk rounding off to the 
nearest metre. 

The measurements for a desk, accurate to the near- 
est metre, might be 2 m long, | m wide, and | m high. 
Such measurements would not be helpful. The metre 
is used for much longer measurements, such as the 
length and width of the classroom, the playground, 
the school, the block, etc. To measure the dimensions 
of objects such as desks, tables, bookshelves, and 
people, a metre ruler may be used and the results 
recorded in centimetres. For example, a desk may be 
152 cm long, 76 cm wide, and 74 cm high. 

You might say: I am 178 cm tall; what is your 
height (in centimetres)? 
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Just as 153 cents is written as $1.53, 153 centi- 
metres is written as 1.53 metres. This can be inter- 
preted as 1 metre and 53 centimetres which is read 
as “one point five three” metres. Do not dwell on 
the mathematical use of the notation—it is not 
necessary! 

With your class,record the dimensions of your class- 
room, your desk, their desks, your height, and their 
heights in terms of centimetres, then in terms of 
metres using the decimal notation. 


ACTIVITY 5 
Area using arbitrary units. Here are some examples 
of area units: 


Let the children give names to the units. Then 
follow the measurement process: select one of these 
units, match it against the area of some object, and 
count the number of units used. For example, the 
irregular figure below has an area of about 6 discs 


see 


VAS 


(if disc is the name given to the unit used). Empha- 
size that you are trying to “cover” the object. The 
units should be “‘even with the edge”’ of the object, 
the units should touch, but not overlap, each other. 
Direct the children’s attention to the parts of the 
object that are not “covered.” 

Make a cutout of some irregular area such as your 
thumb and make copies of it out of paper. Use your 
“thumb” to find the area of the top of a chalk eraser, 






. 128 






of the irregular figure measured with the discs, of a 
cutout of your shoe, and of figure X. 


Figure x 


Record the answers on the chalkboard in sentence 
form — 

“The figure has an area of about thumbs.” 

Have your class perform similar activities. 


ACTIVITY 6 

Area using the centimetre square (cm”). Have the 
children make centimetre squares (or have them 
available for use). The children should have the 
experience of finding the area of many objects. 

Make duplicator masters for some areas that the 
class can measure with their centimetre squares. The 
figures below are 1cm?, 9cm?, 25 cm?, respectively. 
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You might point out that the square containing 
the 9 cm? has a side of 3 cm and the square contain- 
ing the 25cm? has a side of 5 cm. 

Have the children use their centimetre squares to 
find the area of a stamp, a 10-cm ruler, the cutout of 
their thumb, the irregular figure which had an area of 
6 discs, and figure X. 


ACTIVITY 7 
Volume, using the centimetre cube. In the initial de- 
velopment of the concept of volume, it is important 


that children have the opportunity to construct several 
differently shaped objects each having the same num- 
ber of volume units. 

As with length and area, the study of volume should 
be introduced with activities making use of arbitrary 
units of volume, such as blocks, Cuisenaire rods, 
pencils, erasers, or even marbles. 

Use 10 or 12 centimetre cubes in this activity. At 
first, let the children work on their own, constructing 
any objects they like. Encourage them to see that an 
object built of a specific number of cubes has a vol- 
ume of the same number of cubes regardless of its 
shape. For example, the illustration shows 4 different 
constructions, each having a volume of 4 centimetre 
cubes (4 cm’). 


tie ie 
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How many differently shaped objects can be con- 
structed with a volume of 8 centimetre cubes? When 
those possibilities have been exhausted, try the ac- 
tivity with 10 cubes. 


REVIEW: LENGTH, AREA, AND VOLUME 

1. Have your class compare the length of their feet, 
spans, and cubits. Why are these units useless as 
standard units? 

2. Complete these statements. 


a. 128 cm = ___m e. 1.06 m=___cm 

b. 108cm=___m {. 10.0 m=. cm 

c: 15 cm =___m g. 23.86 m= ___cm 

d. 1010 cm=___m h. 0.09 m=___cm 
3. What would be the length of the sides in a square 

containing: 

We aes OCI > Ci? 

Nao CM > ny? 

Coreen 3S cnr? 


Geeleecin se Ch? 
4. How many different-shaped objects can you form 


with 6 centimetre cubes? 


Capacity 


Capacity can be thought of as the amount of mate- 
rial a container will hold. Capacity is usually linked 
to liquid measure though you may have already had 
your classes measure capacity by using sand to avoid 
using liquids. 

In the metric system of measurement, volume and 
capacity are directly related. A container with a 
volume of 1 cubic centimetre (1 cm*) will hold 1 
millilitre of water. One millilitre (1 ml) is one thou- 
sandth of a litre (0.001 7). 

The need for fractional names such as 3, 4, 3, 35 4 
etc. will diminish. The parts of the whole which need 
emphasis are—0.1, 0.2, 0.3, ..., 0.9. Of course, in 
measurement, fractions could disappear completely, 
since § of a meter is 0.375 m or 375 mm. However, 
when working with the litre (the unit of capacity in 
the metric system) don’t worry now about using 
+20, 3 7, etc. if it is the amount you want the children 
to see or work with. Since the metric system is based 
on 10 and since 1, 2, 5 and 10 are the only divisors of 
10, we will probably talk about halves, fifths, and 
tenths of metric units. The decimal notation (4 is 0.5) 
will prevail eventually, even at the primary level. 


ACTIVITY 8 

Capacity ‘and arbitrary units. The most obvious 
capacity units are handfuls. Give each child a con- 
tainer to fill with water or sand or other material you 
prefer to use. Have the children fill the container 





(milk carton, ice cream carton, cigar box, etc.) with 
‘‘handfuls”’ of material. Have them record their results 
on a piece of paper: ‘My carton holds hand- 
fuls of .’ Compare the wide range of results. 
Re-emphasize the need for a standard unit to measure 
capacity. If further experience is necessary, you may 
want to repeat the project with cups brought from 
home (since there are so many different sized and 
shaped cups). Try the activity yourself or get several 
containers such as an ice cream carton, a milk carton, 
a wastebasket, a big cooking pan, and a litre container. 
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On a piece of paper write a pair of sentences for each 
container: 








“The (name of container) holds about (guess) 
litres. 

The (name of the container) actually holds 
(result) litres. 


In the first blank ‘“‘guestimate” the number of litres 
the container will hold. In the second, write in the 
results of measuring the object. 

Don’t forget the three step measuring process — 

1. Select the unit—the litre. 

2. Match the unit against the object —fill the object 

using the litre. 

3. Count the number of units (litres) used. 

When the container is full (it is best to have a “fill 
line’ just below the top of the container) round off to 
the nearest whole litre according to whether more or 
less than half of the last litre was used. 


ACTIVITY 9 

Working with the litre. Get a container that holds 
a litre of water(and, ideally, has submarkings for each 
100 ml). When you are collecting containers for your 
classroom, try to get as many different shapes as you 
can. It is important, especially in early experiences, 
that the children see that litre containers can come 
in many different shapes. It is the quantity the con- 
tainer will hold, not its shape that determines a 
capacity of 1 litre. 

Once you get a litre container you can make many 
more. Pour a litre of water into a container and mark 
a “fill line’ for 1 litre on the outside with tape, or, 
if possible, cut the container so that it holds just 1 
litre. Suggested existing containers which can be cut 
are quart, half-gallon, and gallon milk cartons, round 
quart, half-gallon, and gallon ice cream cartons. Con- 
tainers that can be marked might be various shaped 
pans, cooking bowls, large tin cans, and bottles or 
jugs. Most activities for introducing the metric units 
should be accompanied by some estimation exercises. 
Have the students estimate and record how many 
litres a container will hold, then measure the con- 
tainer to see about how many litres it does hold. Com- 
pare records. 


ACTIVITY 10 

Introducing the millilitre. The litre is a unit for ca- 
pacity that is used for milk, gasoline, paint, and other 
quantities of considerable size. The litre is not used 
to measure small quantities, such as toothpaste, soda 
pop, medicines, frozen orange juice, etc. The unit 
used for the smaller measures is the millilitre (ml). 
If your school is going to get a set of metric capacity 
containers, try to get them in these sizes—1 7, 500 
ml, 200 ml, 100 ml, 50 ml, 20 ml, and 10 ml. With 
such a set (whether bought, given, or constructed) 
one can do all the activities that are necessary. 
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Construct a container with a volume of | cubic cen- 
timetre (1 cm?) to demonstrate the size of the milli- 
litre (ml). Trace the figure below, then cut it out and 
tape it together along the edges. If you avoid spillage 
your cube will hold | ml of water. 


The children need several activities measuring the 
capacity of objects and recording the results in milli- 
litres. Have them first guess and then measure the 
capacity of a thimble, a match box, a tablespoon, and 
a teaspoon. Record the results in sentences like— 

“I estimate that the thimble holds about 

It actually holds about ml.” 


ml. 











Mass 


As the metric system becomes the predominant sys- 
tem of measurement you may hear talk about the 
difference between mass and weight. A lunar example 
may be the best way to show the difference. Now 
that we are in the space age, practically everyone 
knows that a man weighs less on the moon than he 
does on the earth. For example, a 300-kg man on 
earth would weigh about 50 kg on the moon, but 
he would have the same mass on the moon as he 
does on earth. Weight is dependent upon gravity, mass 
is not. Begin to stress the use of the correct metric 
term, mass. 

The base unit of mass in the metric system is the 
kilogram (kg). For example, we say “I have a mass of 
78 kg. 








ACTIVITY 11 

Arbitrary units of mass. To find the mass of an object 
you will need a balance and some arbitrary units such 
as paper clips, pencils, Cuisenaire rods, pennies, or 
other objects. Put a pencil on one side of the beam 
and then “‘balance the pencil” with pennies (or mul- 
tiples of any other small unit). Record the results on 
paper ina sentence like: 

“The pencil has a mass of about pennies.” 

Repeat the activity with at least three other objects. 





ACTIVITY 12 : 

The unit used for small masses is the gram (g). This 
activity is very similar to the last. You will need gram 
masses. If you have a classroom set, that’s great! If 
you don’t, you can make one. 





Put a gram mass on one side of the balance and bal- 
ance it with a lump of clay or plasticine. Label your 
clay “1 g.” In a similar manner make a set of clay 
or plasticine ‘“‘masses”’ in multiples such as: 5 g, 10 g, 
20 g, and 50 g. Use several small objects as test ob- 
jects (a paper clip, a nickel, a penny, and a pencil). 
However, before you have the children put one of the 
test objects on the balance, ask them to estimate its 
mass in grams. Then find the mass of the object. Re- 
cord both the guess and the result. 

The quarter has a mass of about (guess) grams. 

It actually has a mass of (result) grams. 

Repeat the activity using other objects. Do you and 
the class get better at estimating mass? 


ACTIVITY 13 

Measuring mass using the kilogram. Hopefully, all 
schools will have metric scales available for finding 
the mass of children and other large objects using 
kilograms. For this activity, have each child find his 
own mass and then make and label a cutout of himself 
(perhaps using his projected shadow). Have him re- 
cord his height and mass in metric units on the cutout. 

Then you and your class might measure the mass 
of other objects, such as your own chairs, the text- 
books used in the course of one day, litre of water 
(don’t count the container—first find its mass when 
empty), a dictionary, and even the principal of the 
school (if he agrees). As mentioned earlier, there is 
a direct relationship between volume and capacity 
in the metric system of measurement. In fact, there 
is a direct relationship between volume, capacity, and 
mass. A container whose volume is | cubic cm (cm?) 
holds | ml of water and the | ml of water has a mass 
of 1 g. A container whose volume is 1000 cubic cm 
(or 1 cubic decimetre) holds 1000 ml of water (or 
1 litre), and the water has a mass of 1000 g (or | kilo- 
gram). What did you get for the mass of one litre of 
water? 

N.B. It is a good idea to label some of the objects 
in the room as you introduce each metric unit. For 
example, the aquarium may be 70 cm long, 40 cm 
wide, 35 cm high; have a water surface area of 
2 800 cm? , volume of 98 000cm?:; a capacity of 98 7 
of water and a mass of 12 kg. If the children label 
the objects as they study particular units, they will 
begin to think metric. | 


REVIEW: CAPACITY AND MASS 
1. When finding the mass of something using a bal- 
ance beam, how do you decide which unit to round 
off to? 
2. Fill in the answers: 
a. 28 ml of water has a mass of about 
~ 170 #4 4s ml. 
3.12 kg is gtand* 4S 8Me Gr eel ca: 
. It would take ml of water to balance | kg. 
. Will a car get a higher or a lower number of 
miles per litre than miles per gallon? (Is the 
litre larger or smaller than the gallon?) 

b. Will a car get a higher or a lower number of 
kilometres per gallon than miles per gallon? (Is 
the kilometre longer or shorter than the mile?) 

*% c. Gasoline consumption rates will be given in 
kilometres per litre. Will a car get a higher 
or a lower number of kilometres per litre than 
miles per gallon ? 


grams. 
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Temperature 


This last section covers the introduction of a metric 
unit, the degree Celsius (°C), for which there is no 
physical model. On the Celsius scale for temperature, 
water boils at 100°C and freezes at 0°C. The unit 
is named after the Swedish scientist, Anders Celsius, 
who created the centigrade temperature scale. The 


water boils 


body temperature 


Water freezes 
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Celsius and centigrade scales are the same, but cen- 
tigrade is no longer the proper term since the centi- 
grade is a unit used to measure angles in the metric 
system. j 
The best way to get used to the Celsius temperature 
scale is to use it! It is almost a necessity that you have 
a Celsius thermometer. However, if you have a dem- 
onstration model of the Fahrenheit thermometer, 
you can rescale it using the nomograph shown here. 


ACTIVITY 14 

_ Graphing temperatures. Be sure to give the children 
lots of opportunities to read the temperature and 
record it in degrees Celsius (°C). Perhaps you could 
institute a morning weather report given by a different 
child each day to get the class to use Celsius ther- 
mometers and to give them a feeling for what the 
temperature is when expressed in degrees Celsius 
(°C). The previous day’s high and low temperatures 
(taken from a newspaper account) could be recorded 
on a wall graph. 


REVIEW: TEMPERATURE 

















1. My body temperature is about (es 

2. Normal room temperature is about vA Oe 

3. Water boils at about °G: 

4. A warm summer day would be about Aes, 
5. The temperature in a refrigerator is about eG 
6. The temperature in the vegetable section of a 


supermarket is about 2Ce 
. Water freezes at about 4 Be 
8. What temperature on the Celsius thermometer is 
the same on the Fahrenheit thermometer? ___ °C 
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Material 


At the beginning of metric conversion, many schools 
will have,a problem gathering supplies. Certain ma- 
terials are necessities in the teaching of measurement 
and metric measurement is no exception. Fortunately, 
most of the materials are inexpensive or easily con- 
structed. In the section on length, the construction 
of some of the rulers is discussed. If you have one 
metric ruler, you can construct the rest. If you have 
one metric ruler, you can also construct the centimetre 
squares and cubes needed for the study of area and 
volume. 

The construction of units of capacity and mass 
have also been discussed. When it comes to tempera- 
ture you should have a thermometer available for 
classroom use. If it is a Fahrenheit thermometer, 
then you should rescale it to degree Celsius using 
the nomograph given earlier. 

Following is a list of companies and government 
agencies that are currently producing materials or 
can give some assistance with this problem of teach- 
ing the metric system of measurement. 
Addison-Wesley (Canada) Ltd.—Don Mills, Ontario 
Buntin Gillies & Co. Ltd.— Ottawa, Ontario 
Cameron Products — Bramalea, Ontario 
Canadian Metric Association—(P.O. Box 35)— 

Fonthill, Ontario 
Contrasts 20—Calgary, Edmonton, Vancouver, Win- 

nipeg, Regina (Nearest Barber-Ellis Office) 

Kruger Pulp and Paper Ltd.—Moncton, Toronto, 

Hull, Montreal (Nearest Office) 

Information Canada (Under Government of Canada) 
(Nearest Office) 
Jack Hood School 

Ontario 
Lufkin Rule Co. of Canada Ltd.— Don Mills, Ontario 
Lily Cups Ltd. — Scarborough, Ontario 
MacLean-Hunter Learning Materials Co.—Toronto 

101, Ontario 
Metric-Aids Ltd.— Toronto, Ontario 
Moyer-Vico Ltd.—Moncton Weston, Winnipeg, 

Saskatoon, Edmonton, Vancouver and the Lon- 

gueuil Co.:in Chambly (Nearest Office) 

The National Council of Teachers of Mathematics — 
1906 Association Drive, Reston, Virginia 22091 
Sargent-Welch Scientific Co. of Canada Ltd. —Wes- 

ton, Ontario ; 
Spectrum Education Ltd.— Toronto, Ontario 
Spicars International Ltd.— Scarborough, Ontario 
‘Toronto Dominion Bank (Nearest Office) 


Supplies Co. Ltd.—Stratford, 
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